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National  Resources  Committee 

Interior  Buildin'o 

Washinqton 

The  President,  August  21,  1037. 

The  White  House, 

Washington,  D.  G. 

My  Dear  Mr.  President  : 

We  have  the  lionor  to  triinsmit  lierewith  tlie  Keport  on  Ke-^nonal 
Planning  in  tlie  Valley  of  the  Red  River  of  the  North,  whicli  constitutes 
Part  V  of  the  series  of  reports  on  Regional  Planning  activities  and 
l)rogress.  This  rei)ort,  prepared  by  an  interstate  commission  with  the 
Mssistance  of  consultants  from  our  AVater  Resources  Committee,  illustrates 
the  possibilities  of  cooperation  through  planning  for  joint  attack  on 
interstate  problems. 

Sincerely  yours, 

Harold  L.  Ickes, 
Secretary  of  the  Interior,  Clininnan 

Habrt  H.  Wooduino,  Harry  L.  Hopkins, 

Secretary  of  War.  Works  Progress  AdmiMstrator. 

Henby  a.  Wallace,  Fheuerio  A.  DEa_\NO. 

Secretary  of  Agriculture. 


Daniel  C.  Ropeb, 

Secretary  of  Commerce. 


Charles  E.  Merriam. 


Henry  S.  Dennison. 


Frances  Perkins, 

Secretary  of  Lahor.  Beardsley  Ruml. 
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FOREWORD 

By  the  Water  Resources  Committee 


In  the  Valley  of  the  Red  River  of  the  North,  a 
critical  situation  is  bcinfj  met  through  interstate  co- 
operation and  regional  planning.  After  successive 
years  of  lack  of  agreement  on  any  joint  plan  of  action, 
the  States  of  Minnesota,  North  Dakota,  and  South 
Dikota  with  Federal  assisfance  have: 

1.  Made  surveys  and  investigations — gathered  the 
facts. 

2.  Prepared  a  plan  for  (he  lull  use  of  the  water 
resources  of  the  basin. 

3.  Made  a  program  of  projects  to  carry  out  the  plan 
over  a  term  of  j-ears. 

4.  Made  a  substantial  start  in  actual  construction 
according  to  the  plan  and 

5.  Adopted  an  interstate  compact  creating  an  in- 
terstate agency  to  administer  the  plan. 

The  problem  in  the  valley  of  the  Red  River  of  the 
North  is  primarily  a  question  of  water.  In  1916-19 
there  were  floods  to  contend  \vith,  from  1930-35 
drought  threatened  the  water  supply  of  cities  and 
farms.  Either  or  both  may  recur.  Each  of  the  three 
State  planning  boards  could  make  plans  within  their 
respective  States,  but  the  waters  flowing  through  this 
former  wheat  kingdom  and  present  rich  agricultural 
area  paid  no  attention  to  State  boundaries.  The  cities 
dependent  on  the  river  for  their  water  supply  arc 
located  on  both  sides  of  the  main  stream  which  forms 
the  political  boundary  line. 

During  5  3-ears  of  drought  and  critical  water  short- 
age, public  works  proposals  in  the  basin  of  the  Red 
River  of  the  North  were  concentrated  on  water  con- 
servation and  urban  water  supph'.  Federal  assistance 
was  given  to  projects  for  the  extension  of  water  treat- 
ment plants  and  for  sewage  treatment  but  major  proj- 
ects intended  to  conserve  water  and  bring  it  to  the 
cities  failed  of  approval — in  spite  of  the  fact  that  the 
Minnesota  Economic  Council  had  set  up  a  fund  of 
about  half  a  million  dollars  to  help  defray  the  cost. 
Some  meritorious  projects  were  not  undertaken  be- 
cause of  the  absence  of  legally  authorized  local  groups 
with  which  the  Federal  Government  might  deal. 
Moreover,  much  time  and  energy  were  spent  in  discus- 
sion of  unwise  or  patently  uneconomic  proposals. 
Thus,  although  the  drought  conditions  aroused  in- 
tense interest  in  the  water  problems  of  the  basin,  a 
plan  for  water  conservation  and  a  mechanism  for 
carrying  it  out  were  lacking. 

In  July  1935,  the  Governors  of  Minnesota,  North 
Dakota,  and  South  Dakota  called  an  interstate  con- 
ference in  Fargo,  N.   Dak.,  to  consider  the  critical 


water  problems  of  the  basin.  This  conference  agreed 
that  a  coordinate  water  plan  covering  the  entire 
drainage  area  should  be  fornuilated  as  a  necessary 
preliminary  to  effective  action.  The  organization  to 
undertake  the  studies  essential  to  such  a  plan  was 
authorized  at  a  second  conference  in  November  1935, 
which  set  up  an  interstate  committee.  This  inter- 
state conunittoe  consisted  of  the  chairmen  of  the  three 
Slate  planning  boards  and  H.  H.  Barrows  and  W.  W. 
Horner  as  consultants  for  the  National  Resources 
Committee. 

Headciuarters  for  the  committee  were  set  up  in  St. 
I'aul.  and  the  work  was  carried  on  through  the  staffs 
of  the  State  planning  boards.  Committee  meetings 
were  attended  by  interested  State  and  local  officials 
who  gave  the  fullest  cooperation.  Specific  studies 
were  undertaken  by  the  water  engineers  and  sanitary 
engineers  of  the  several  States,  who  also  reviewed  basic 
hydrologic  data  and  brought  them  up  to  date. 

Accompanied  by  State  officials  and  water  engineers 
the  committee  made  an  extended  inspection  of  the 
basin  in  the  spring  of  193G.  Meetings  were  held  each 
night  at  which  local  ])roblems  wei'e  presented  in  detail 
by  local  men  and  the  work  of  the  comnuttee  was  dis- 
cussed by  one  of  its  members.  Throughout  the  study 
effective  assistance  was  rendered  the  committee  not 
only  by  State  agencies  but  also  by  such  Federal 
agencies  as  the  Corps  of  Engineers  and  the  United 
States  Geological  Survey.  When  the  committee  need- 
ed to  ascertain  probable  evaporation  losses  from  cer- 
tain proposed  reservoirs  during  long  periods  of 
drought  (he  services  of  Adolph  Meyer  were  secured  as 
an  additional  consultant. 

Before  its  studies  were  completed  the  committee  pre- 
pared in  July  1936  a  preliminary  report  to  clarify 
certain  project  proposals  then  deemed  critically  im- 
portant. Its  general  studies  were  concluded  during 
the  latter  half  of  the  year  and  its  compi'ehensive  report 
was  filed  with  the  State  planning  boards  and  with  the 
National  Resources  Committee  in  December.  An  im- 
mediate result  of  its  earlier  report  was  an  allocation 
by  the  Works  Progress  Administration  of  $50,000  to 
the  Corps  of  Engineers  for  a  detailed  analysis  of  sev- 
eral important  projects. 

The  study  on  which  the  report  is  based  was  unique  in 
several  respects.  It  was  primarily  an  interstate  en- 
terprise-, most  of  the  work  being  accomplished  through 
the  joint  efforts  of  local  and  State  officials  in  the  three 
States.  It  resulted  in  the  first  comprehensive  water 
conservation  program  for  any  large  drainage  basin  in 
(he  United  States.     Many  of  the  investigation  projects 
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and  construction  projects  that  were  recommended  have 
been  completed  or  initiated  since  the  first  draft  of  tlie 
report  was  circulated. 

It  has  been  determined  that  the  major  water  problem 
of  the  area  is  the  conservation  of  run-off  in  lakes  and 
reservoirs  and  its  release  to  stream  channels  at  a  rate 
which  will  provide  a  dependable  supply  at  the  prin- 
cipal cities.  The  coordinated  water  plan  of  the  com- 
mittee was  formulated  with  this  prime  objective  con- 
stantly in  view. 

The  plan  involves  an  increase  in  effective  storage  in 
the  lakes  of  the  Otter  Tail  River  system.  By  control- 
ling the  levels  of  these  lakes  at  slightly  greater  heights, 
a  largely  increased  storage  of  ground  water  seems  pos- 
sible. The  plan  provides  for  a  somewhat  similar  im- 
provement in  the  use  of  the  Red  Lake  storage,  and  for 
construction  of  a  large  dam  on  the  Sheyenne  and  pos- 
sibly of  dams  on  other  streams  on  the  Dakota  side. 
Small  dams  are  proposed  on  various  normally  dry 
channels  to  impound  water  for  stock  and  to  meet  other 
rural  needs. 

The  plan  takes  into  accoimt  not  only  seasonal  regula- 
tion of  the  streams,  but  also  the  possibility  of  a  long- 
time carry-over  in  storage  to  meet  the  needs  of  drought 
years.  Particular  consideration  is  given  to  the  stabil- 
ization of  lake  levels,  in  order  not  to  impair  the  high 
recreational  value  of  the  lakes. 

An  important  phase  of  the  plan  is  the  improvement 
of  the  stream  channels  for  the  purpose  of  reducing 
losses  of  water  in  transit.  Such  losses  are  now  ex- 
tremely high  in  the  basin ;  flows  of  as  much  as  30  cubic 
feet  per  second  in  the  Otter  Tail  River,  for  example, 
may  be  dispersed  before  reaching  Fargo. 

Wliile  the  disastrous  floods  of  1916-19  in  the  drain- 
age area  have  been  nearly  or  quite  forgotten,  the  in- 
terstate committee  is  convinced  of  the  probable  oc- 
currence of  floods  there  from  time  to  time  in  the 
future,  and  its  plan  contains  provision  for  flood-flow 
correction.    It  also  gives  consideration  to  the  improve- 


ment in  water  power  possibilities  that  will  result  from 
regulation  of  stream  flow. 

As  the  execution  of  the  plan  should  reduce  the  flood 
floM's  and  augment  the  low  flows  of  the  Red  River  of 
the  North  at  the  Canadian  border,  the  plan  should  not 
create  any   controversial   international   questions. 

The  report  recognizes  the  interstate  character  of  the 
problems  of  the  basin  and  the  necessity  for  a  carefully 
formulated  and  unified  program  of  operation.  It  in- 
cludes a  scheme  for  an  interstate  authority  with  power 
to  control  the  water  resources  of  the  area  and  to  levy 
limited  assessments  on  the  beneficiaries.  The  attorneys 
general  of  the  three  States  prepared  enabling  acts, 
which  have  received  action  during  the  1937  sessions  of 
the  legislatures. 

Although  the  action  of  the  jSIinnesota  Legislature 
somewhat  restricted  the  scope  of  the  compact,  the 
interstate  compact  commission  has  now  been  estab- 
lished. As  its  usefulness  is  demonstrated,  it  is  reason- 
able to  expect  that  the  whole  drainage  basin  will  be 
brought  within  its  jurisdiction.  It  is  hoped  by  the 
Water  Resources  Committee  that  the  interstate  com- 
mission will : 

1.  Propose  such  further  investigations  as  may  be 
desirable  for  crystallization  of  the  various  parts  of  the 
plan  and  to  arrange  for  prosecution  of  these  investiga- 
tions in  part  through  its  own  organization  and  in  part 
through  cooperation  with  appropriate  State  and  Fed- 
eral agencies. 

2.  Arrange,  through  its  own  admiiiistration  or 
through  other  governmental  agencies,  for  the  prepara- 
tion of  detailed  designs  and  specifications  and  the 
orderly  construction  of  the  various  projects  entering 
into  the  plan  as  a  whole,  including  necessary  agree- 
ments for  the  distribution  of  costs  and  the  specific 
arrangements  involved  in  the  financial  program. 

3.  Establish  a  permanent  system  of  operation  and 
maintenance  which  will  insure,  from  year  to  year,  the 
integrated  functioning  of  all  parts  of  the  plan. 
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TUK    InTEHSTATE   Co.MJUri'EE 
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Red  Eiver  of  the  Noriii 

St.  Paul,  Minnesota 
April  6,  1937 

Mr.  Abel  AVolman,  Chairman, 
"Water  Resources  Committee, 
Interior  Building, 
Wasliington,  D.  C. 

Dear  Mr.  AVoi.man: 

We  Iiave  the  honor  of  presenting  herewith  the  report  of  the  Interstate 
Gonmiittee  on  the  Red  River  of  the  North  Drainage  Basin. 

Practically  all  of  the  water  problems  of  this  area  are  of  long 
standing — many  of  them  dating  back  35  or  more  j-ears.  As  each  of  these 
problems  arose,  a  special  group  was  organized  to  study  the  problem  and 
api^eal  to  the  State  and  Federal  Governments  for  assistance.  There  was 
little  coordination  of  effort  among  these  groups  and  very  little  or  nothing 
has  been  accomplished  to  improve  the  situation  as  a  whole. 

This  rejiort  is  the  first  attempt  to  treat  jointly  the  problems  of 
conservation  and  transportation  of  water,  pollution  and  flood  control  of 
the  Red  River  of  the  North  Drainage  Basin.  Local,  county,  State,  and 
Federal  authorities  have  rendered  valuable  assistance  in  tlie  preparation 
of  the  report,  and  it  is  hoped  that  it  will  serve  as  a  means  of  coordinating 
the  efforts  of  all  the  people  living  in  this  area. 
Sincerely  yours, 

H.  H.  Babkows  Irvin  La  vine 

James  P.  Cain  A.  W.  Powell 

W.  W.  Horner  Chables  W.  Puosley 

O.  B.  Jesness  W.  R.  Ronald 

Roland  S.  Vaile 


STAFF    REPORT— SECTION    I 
PHYSICAL    CHARACTERISTICS   AND    CLIMATOLOGY 


Physical  Characteristics 

The  basin  of  the  Red  River  of  the  Nortli  is  situated 
almost  exactly  in  the  <i;eographic  center  of  the  North 
American  Continent.  The  approximate  total  drainage 
area  of  the  Red  River  at  the  point  where  it  crosses  the 
international  boundary  into  Canada  is  35,520  square 
miles.  Of  this,  670  square  miles  are  in  South  Dakota, 
16,800  square  miles  in  North  Dakota,  16,090  square  miles 
in  Minnesota,  and  1,960  square  miles  in  Canada  along 
the  upper  Pembina  River.  The  Roseau  River  at  the 
boundary  drains  an  area  of  1,300  square  miles  in  Minne- 
sota and  370  square  miles  in  Canada.  The  Souris  River, 
a  tributary  of  the  Assiniboine  River  in  Canada,  makes 
a  loop  through  north  central  North  Dakota  and  drains 
an  area  of  8,766  square  miles  in  that  State.  The  Assini- 
boine River,  in  turn,  empties  into  the  Red  River  near 
Winnipeg,  Canada.  The  part  of  the  Red  River  Basin 
south  of  the  international  boundar}'  is  approximately 
245  miles  long  and  300  miles  wide  at  its  widest  point. 

The  beginning  of  the  Red  River  of  the  North  is  at 
Walipeton,  N.  Dalv.,  wliere  the  Bois  des  Sioux  and  the 
Otter  Tail  Rivers  join.  From  this  pomt  to  the  interna- 
tional boundary,  a  distance  of  al)0ut  190  miles,  tlie  river 
follows  a  course  practically  directly  northward,  tliei'e 
being  only  a  slight  deviation  toward  the  west.  From 
the  outlet  of  Lake  Traverse,  the  headwaters  of  the  Bois 
des  Sioux,  the  stream  follows  a  winding  course  through 
the  valley  into  Lake  Winnipeg.  The  distance  from 
Wahpeton  to  the  international  boundary  is  391  miles, 
or  practically  twice  the  airline  distance  between  the 
two  points.  The  fall,  in  general,  is  slight  and  dimin- 
ishes toward  the  north.  The  surface  altitudes  above 
mean  sea  level  are:  980  feet  at  Lake  Traverse;  963  feet 
at  Wahpeton;  900  feet  at  Fargo;  830  feet  at  Grand 
Forks;  789  feet  at  the  international  boundary;  and  755 
feet  at  Winnipeg. 

Tributaries  of  Red  River 

The  principal  tributaries  entering  the  Red  River  be- 
low the  point  of  confluence  of  the  Otter  Tail  and  Bois 
des  Sioux  Rivers  on  the  Minnesota  side  are  the  Pelican, 
Buffalo,  Wild  Rice,  Red  Lake,  Tamarac,  and  Two 
Rivers.  The  Roseau  River,  although  it  rises  in  Minne- 
sota, discharges  into  the  Red  River  in  Canada.  On  the 
North  Dakota  side  the  principal  tributaries  are  the 
Wild  Rice,  Sheyenne,  Maple,  Goose,  Park,  and  Pem- 
bina Rivers.  The  Pembina  River  has  its  source  and 
much  of  its  drainage  area  in  Canada.  There  are  a  num- 
ber of  other  smaller  streams  that  have  some  signifi- 


cance.' Figure  1  shows  the  outline  of  the  basins  of  the 
Red  River  and  its  principal  tributaries.  The  drainage 
basin  of  the  Red  River  in  the  United  States  consists  of 
a  broad  plain  witli  a  slight  slope  toward  the  Red  River 
flanked  on  both  the  east  and  west  sides  by  relatively 
steep  slopes  followed  by  higher  lands.  The  character 
of  these  slopes  and  higher  lands  varies  on  opposite  sides 
of  the  valley  and  from  north  to  south. 

The  highest  point  of  the  di-ainage  area,  located  in 
Marshall  County,  S.  Dak.,  near  the  southernmost  ex- 
treme of  the  basin  is  at  an  elevation  of  about  1,850  feet; 
while  the  lowest  point,  the  water  surface  of  the  river 
as  it  enters  Canada,  is  at  elevation  789.  Most  of  the 
region  is  below  elevation  1,200. 

Topography 

A  cross  section  of  the  valley  at  Wahpeton  shows  an 
average  rise  of  about  3%  feet  per  mile  away  from  the 
river  on  the  North  Dakota  side  and  about  12i/^  feet 
per  mile  on  the  Minnesota  side.  In  North  Dakota  there 
is  a  gentle  and  almost  uniform  slope  upwai'd  until  the 
drainage  divide  is  reached  whereas  in  iMiimesota  the 
terrain  is  very  rough,  with  a  large  number  of  lakes  in 
the  outer  j^ortion  of  the  drainage  area.  A  cross  section 
at  Grand  Forks  sliows  more  uniformity  for  the  two 
sides  of  the  valley,  although  the  rough  terrain  and 
lakes  are  also  present  on  the  Minnesota  side.  Near  the 
international  boundary  the  valley  is  broader  extending 
to  a  distance  of  about  80  miles  to  the  east  in  Minnesota 
and  about  35  miles  to  the  west  in  North  Dakota.  East 
of  the  Red  River  the  land  is  level  and  poorly  drained 
and  most  of  it  is  marshy  and  unfit  for  agriculture.  On 
the  west,  the  gently  sloping  valley  terminates  with  an 
abrupt  rise  into  the  Pembina  Mountains.  Figure  2 
shows  the  topography  of  the  basin  to  a  100- foot  contour 
interval. 

Geology 

The  geologic  history  of  the  Red  River  Valley  ex- 
plains many  of  its  jjcculiar  characteristics.  As  the 
front  of  the  last  (late  Wisconsin)  glacier  of  the  great 
Pleistocene  ice  age  retreated  to  the  north,  the  depres- 
sion, in  which  the  Red  River  Valley  now  lies,  was  ex- 
posed. This  depression  was  much  shallower  than  the 
earlier  preglacial  depression  for  the  ice  had  deposited 
glacial  boulder  clay  in  it  to  a  depth  of  up  to  400  feet. 


'  other  streams  In  the  Red  Hlver  drainage  area  are  the  Mustlnka 
River,  the  Sand  Hill  River,  the  Pelican  and  Toad  Rivers  tributary  to 
the  Otter  Tail  River,  and  the  Clearwater  and  Thief  Rivers  tributary  to 
the  Red  Lal^e  Biver.     All  of  these  streams  are  In  Minnesota. 
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The  valley  had  sloped  to  the  north  and  as  soon  as  the 
ice  front  had  retreated  northward  a  lake  formed  be- 
tween the  ice  and  natural  barrier  found  to  the  south. 
The  lake  gradually  became  larger  as  the  ice  continued 
to  retreat  northward  and  at  one  stage  it  was  approxi- 
mately 700  miles  long  and  250  miles  wide  at  the  inter- 
luitional  boundary. 

This  great  lake  has  been  named  Lake  Agassiz  in 
honor  of  Louis  Agassiz.  Lake  Agassiz  at  first  drained 
to  the  south  through  the  channel  now  occupied  by 
Lakes  Traverse  and  Bigstone  and  the  Minnesota  River. 
Melting  of  the  ice  blockade  to  the  north  eventually 
opened  other  lower  outlets  which  drained  the  lake  with 
the  exception  of  the  large  Manitoba  Lakes  which  have 
remained  as  remnants  of  glacial  Lake  Agassiz.  The 
lake  level  was  lowered  in  a  series  of  stages,  each  stage 
being  marked  by  a  beach  produced  by  wave  action. 

These  beaches  are  still  readily  discernible  as  low 
gi'avel  and  sand  ridges  rising  above  the  plain.  They 
can  be  traced  for  many  miles.  The  western  margin  of 
the  lake  was  formed  b}*  the  Pembina  escarpment  in 
North  Dakota.  This  escarpment  is  composed  of  upper 
cretaceous  shales  and  was  formed  by  preglacial  erosion 
of  the  valley  to  the  east.  Lake  Agassiz  received  its 
water  directly  from  the  melting  ice  and  from  rivers 
which  flowed  into  it.  These  rivers  were  the  Sheyenne, 
the  Elk,  and  the  Pembina.  These  rivers  together  with 
the  water  direct  from  the  ice  carried  large  quantities  of 
sand,  gi-avel,  silt,  and  clay  into  the  lake. 

Delta  Formation 

Each  of  the  rivers  formed  a  tleita  of  the  coarser  ma- 
terial in  the  lake  close  to  their  mouths  while  the  finer 
material  was  carried  farther  into  the  lake  to  be  de- 
posited as  fine  silt  and  clay  which  covered  the  irregu- 
larities of  the  original  lake  floor  and  produced  the 
present  very  level  Red  River  plain.  East  and  west 
portions  of  the  present  watershed  of  the  Red  River 
outside  the  valley  proper  contain  great  numbers  of 
lakes  of  glacial  origin.  The  old  lake  bottom  itself  con- 
tains a  few  large  lakes  among  which  is  Red  Lake. 

During  the  earlier  stages  of  the  lake  the  Sheyenne 
River  entered  it  several  miles  south  of  Lisbon,  N. 
Dak.,  and  formed  its  broad  sandy  delta.  When  the 
lake  was  lowered  below  the  old  river  mouth  the  Shey- 
enne began  to  cut  a  channel  across  its  own  delta.  In 
doing  this,  it  turned  to  the  north,  finally  joining  the 
Red  River  which  had  begun  to  cut  its  own  channel  as 
soon  as  the  lake  had  disappeared. 

The  Red  River  and  its  tributaries  are  very  youthful 
streams  though  they  have  winding  channels  which  are 
characteristic  of  old  age.  Ihis,  however,  was  due  to 
the  cutting  of  their  channels  on  the  very  flat  lake 
bottom. 


The  spacing  of  the  tributaries  of  the  Red  River 
seems  to  have  been  determined  by  the  streams  which 
entered  the  valley  as  the  water  of  the  lake  receded.  All 
of  the  perennial  streams  tributary  to  the  Red  River 
have  their  sources  outside  the  area  of  ancient  Lake 
Agassiz,  and  most  of  them  show  every  evidence  of  hav- 
ing been  much  larger.  They  have  few  aflluents  and 
usually  receive  the  drainage  from  only  a  narrow  area 
on  both  sides.  As  a  result,  broad  areas  between  the 
rivers  have  little  or  no  definite  drainage.  The  only 
drainage  ways  in  the  areas  between  the  j>rincipal  rivers 
are  coulees  from  20  to  40  feet  deep  near  the  river  and 
a  mile  or  two  in  length.  These  carry  water  only  after 
heavy  rains  or  while  the  snow  is  melting,  I'emaining 
dry  at  other  times.  This  arrangement  of  the  streams 
is  due  to  the  extreme  youth  of  the  drainage  system. 

Soils 

The  soils  throughout  the  former  glacial  lake  bed  are 
deep,  heavy,  finely  divided,  well-compacted  mixtures 
of  clay,  loam,  and  small  proportions  of  very  fine  sand. 
I'"or  the  first  foot  or  more  this  mixture  is  blackened  by 
decayed  organic  matter.  The  soils  of  the  valley  are 
classified  by  the  United  States  Bureau  of  Soils  (Bull. 
96,  1913)  as  the  Fargo  series  of  soils.  Six  types 
are  mentioned:  Clay  loam,  fine  sandy  loam,  loam,  fine 
sand,  clay,  and  silt  loam.  In  their  natural  condition 
juost  of  these  soils  are  poorly  drained.  When  prop- 
erly drained  they  are  verj'  well  suited  to  agricultural 
purposes  because  they  are  very  fertile.  The  soil  along 
tlie  upper  reaches  of  the  watershed  is  not  so  uniform 
but  most  of  it  can  be  developed  into  excellent  farm 
land.  Figure  3  shows  the  location  of  (he  principal  soil 
types  of  the  basin. 

Climatology 

The  climate  of  the  basin  of  the  Red  River  of  the 
North  is  temperate  and  continental  having  cold  winters 
and  warm  summers.  The  prevailing  winds  are  noi-th- 
westerly  and  the  area  is  in  the  northern  path  of  eddy- 
ing cyclones  that  move  eastward.  There  is  no  marked 
difference  in  elevation  in  the  area  with  the  result  that 
there  is  a  geographical  uniformity  of  climate. 

Temperature  Range 

Temperatures  of  85°  to  95°  Fahrenheit  are  common 
in  the  summer  as  are  25°  and  35°  below  zero  in  the 
winter.  Extreme  temperatures  of  —50°  and  110° 
Fahrenheit  have  been  recorded  in  the  basin.  These  ex- 
tremes of  temperature  are  not  felt  as  much  in  the 
regions  where  the  relative  humidity  is  higher.  Hmnid- 
ity  data  for  three  stations  in  this  area  are  tabulated  in 
table  1. 
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Table  1. — Average  relative  humidity  in  percent,  Red  River  Basin  ' 


Station 

Moorhoad,  Minn. 

Devils  Lake 

Average 

Time 

7  a.  m. 

Noon 

7  p.  m. 

7  a.  m. 

NOOD 

7  p.  m. 

7  a.  m. 

7  p.  m. 

7  a.  m. 

Noon 

7  p.  m. 

length  of  record  (years)... . 

47 

1888-1934 

14 
1921-34 

47 

1888-1934 

29 
1905-30 

13 

1918-30 

26 
1005-30 

17 
1919-35 

17 
1919-35 

30 

13.5 

30 

December ...    ...- 

Percent 
8» 
88 
88 

Percent 
78 
76 
75 

Percent 
85 
85 
84 

Percent 
89 
89 
89 

Percent 
83 

84 
82 

Percent 
86 
86 
85 

PerceiU 
87 
85 
85 

Percent 
85 

86 
82 

Percent 
88 

87 
87 

PercerU 

81 
80 
79 

Percent 
86 

86 

84 

Winter 

88 

76 

85 

89 

83 

86 

86 

84 

88 

80 

85 

87 
83 

78 

65 
62 
46 

79 
61 
62 

85 
80 
75 

74 
56 
47 

77 
59 
60 

85 
79 
70 

78 
61 
51 

86 
81 
74 

70 
64 
46 

78 

April 

60 

May 

SI 

Spring               .     -     -_..... ......    -- 

83 

M 

64 

80 

59 

62 

78 

63 

80 

66 

63 

82 
84 
86 

62 
60 
47 

59 
69 
67 

79 
83 
84 

54 
51 
46 

68 
66 
63 

78 
79 
81 

59 
69 
56 

80 
82 
84 

63 
51 
46 

59 

July 

58 

Bummer    .  _  -  . 

84 

60 

68 

82 

50 

66 

79 

68 

83 

60 

67 

SeDtember 

87 
85 
88 

62 
67 
69 

62 
67 
80 

84 
84 
86 

62 
57 

74 

59 
66 
80 

84 
85 
87 

61 

67 
80 

86 
85 
87 

62 
67 
72 

61 

October . - ....... 

67 

82 

Fall 

87 

59 

70 

86 

61 

68 

86 

69 

86 

60 

AddubI                  ...           --  ._        .           .  ...... 

85 

60 

69 

84 

63 

68 

82 

69 

84 

62 

69 

'  From  records  ot  U.  8.  Weather  Bureau. 

Note.— Moorhead,  Minn.,  is  located  just  south  of  the  center  ot  the  Red  River  Basin;  Grand  Forks,  N.  Dak.,  is  located  Just  north  o(  the  center  of  the  basin;  and  Devils  Lake, 
N.  Dak.,  is  located  just  outside  of  the  basin. 


The  mean  annual  temperature  for  the  area,  based 
upon  the  average  of  the  mean  annuals  of  tempei-ature- 
recording  stations  within  the  area  and  immediately 
adjacent  thereto  is  38.7°  Fahrenheit.  The  seasonal 
variations  in  temperatures  for  Moorhead,  Minn.,  near 
the  center  of  the  basin  are  shown  in  table  2. 

Table  2. — Monthly  average  temperature  for  Moorhead,  Minn.* 


Month 

Average 

Month 

Average 

Month 

Average 

4.9 

8.8 

23.7 

4Z3 

May 

"F 
64.4 
64.6 
69.0 
66.7 

September 

October 

November 

December 

Year 

67.7 

February 

June      

44  8 

July 

26  9 

April 

August 

12  4 

39.7 

'  From  records  of  U.  S.  Weather  Bureau.    Period  of  record,  64  years,  1881-1934. 

The  winters  in  the  area  are  long  and  severe  and  the 
summers  are  comparatively  short.  The  growing  season 
or  time  between  the  latest  and  earliest  killing  frosts 
averages  between  103  and  139  days  for  various  locali- 
ties in  the  basin,  the  lower  value  being  near  the  in- 
ternational boundary.  Killing  frosts  have  been  re- 
corded as  late  as  June  and  early  July,  and  as  early  as 
August,  although  ordinarily  the  last  killing  frost  can 
be  expected  in  the  middle  part  of  May  and  the  first 
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in  the  middle  part  of  September.  Although  the  pe- 
riod between  killing  frosts  is  comparatively  short  the 
days  are  long  and  the  percentage  of  sunshine  is  high. 
The  average  annual  sunshine  at  Moorhead,  Minn.,  is 
59  i^ercent. 

Winds  and  Precipitation 

The  wind  is  an  important  factor  affecting  the  pre- 
cipitation in  the  Red  River  Basin.  Although  the  pre- 
vailing winds  in  this  region  are  from  the  northwest 
(he  winds  from  the  southeast  bring  most  of  the  pre- 
cipitation. The  westerly  winds,  when  they  come  from 
the  Pacific  Ocean,  carry  a  large  amount  of  moisture 
but  they  are  chilled  as  they  rise  to  gi-eat  heights  to 
cross  the  Rocky  Mountains  and  as  a  result  most  of 
their  moisture  content  is  lost  on  the  west  slope  of  tlie 
Divide.  As  the  winds  descend  again  to  the  plains  their 
relative  humidity  falls  as  they  are  warmed  and  they 
become  drying  winds  instead  of  moisture  laden  winds. 
On  the  other  hand  the  winds  from  the  south  and  east 
travel  up  from  the  Gulf  of  Mexico  without  ci'ossing 
any  regions  of  high  elevation.  Although  they  precipi- 
tate much  of  their  moisture  content  on  the  way,  they 
still  drop  a  considerable  amount  in  the  Red  River 
Basin.  During  the  growing  season  the  prevailing 
winds  are  from  the  south  and  east  and  as  a  result  a 
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large  proportion  of  the  annual  precipitation  falls  dur- 
ing that  period.  Table  3  gives  the  wind  directions 
and  velocities  for  the  different  months  of  the  year  as 
recorded  at  Moorhead,  Minn. 

Table  3. —  Wind  vdociliea  and  directions  al  Moorhead,  A/i«7i.' 


Month 


January..., 
February., 

Marcb 

April 

May , 

Jnne , 

July 

August 

September. 

October 

November. 
December. 

Year 


Averaee 
velocity 


9.8 
10.0 
10.5 
10.  S 
10.2 
9.4 
8.3 
8.4 
9.4 
9.8 
9.7 


9.7 


Prevailing 
direction 


NW. 

NW. 

N. 

N. 

N. 

SE. 

S. 

SK. 

8. 

NW. 

NW. 

NW. 


NW. 


Highest 
velocity 


'58 


Direction 
of  highest 
velocity 


SE. 
SE. 
NW. 
SE. 
SE. 

S. 
NW. 

S. 

sw. 

SE. 

NW. 

NW. 


NW. 


'  From  U.  8.  Department  of  Agriculture,  Weather  Bureau— Annual  Meteorological 
Summary  with  Comparative  Data,  complied  by  R.  J.  McClurg,  1934.  Period  of 
record,  54  years,  1881-1934. 

'  July  1890. 

Figure  4  shows  the  mean  annual  preciijitation 
throughout  the  basin.  This  map  has  been  prepared 
using  all  of  the  available  records  of  precipitation  sta- 
tions. The  station  records  available,  the  length  of 
record,  and  the  interruptions  of  record  are  shown  in 
figure  5.  It  is  recognized  that  the  moan  annual  values 
arrived  at  in  this  way  are  unbalance<l  because  of  the 
relatively  few  stations  available  prior  to  1900,  as  evi- 
denced by  the  fact  that  in  1882  there  was  one  station 
to  about  8,500  square  miles  while  in  1930  there  was 
one  to  about  910  square  miles.  The  charts  are  how- 
ever sufficiently  satisfactoi-y  to  develop  a  picture  of 
available  water  as  precipitation  in  different  parts  of 
the  area.  The  annual  precipitation  on  the  entii-e  area 
based  on  the  mean  of  the  annual  average  for  all  the 
stations  in  the  basin  up  to  January  1,  1934,  is  20.11 
inches  and  the  mean  annual  rainfall  varies  from  about 
16  inches  to  about  24  inches  within  the  basin.  If 
these  charts  are  compared  with  the  tables  attached  to 
various  subbasin  studies  some  differen<:cs  will  be  found 
because  of  the  use  of  only  a  restricted  number  of  sta- 
tions in  determining  the  values  of  each  subbasin. 

Studies  of  mean  annual  precipitation  bring  out 
clearly  the  first  of  the  fundamental  considerations  un- 
derlying a  water  plan  for  this  basin — that  is,  a  very 
sharply  marked  difference  in  mean  annual  rainfall  be- 
tween the  eastern  and  western  sides  of  the  basin.  The 
maximum  precipitation  occurs  over  the  higher  land 
embraced  in  the  Otter  Tail  basin  and  in  the  head- 
waters of  the  Minnesota  Wild  Kice,  the  Buffalo,  and 


the  Eed  Lake  Rivers.  The  smallest  annual  precipita- 
tion occurs  over  the  headwaters  of  the  Nortli  Dakota 
streams.  This  difference  is  the  basic  reason  for  the 
strong  differentiation  in  the  economic  conditions  of 
the  two  sides  of  the  area  and  it  also  points  clearly 
to  the  upjjer  drainage  areas  of  the  Minnesota  streams 
as  being  the  only  section  where  furtlier  development 
of  water  resources  may  be  expected  to  be  found  pos- 
sible in  an  important  way. 

To  be  of  the  greatest  benefit  to  growing  crops,  pre- 
cipitation must  come  during  tlie  growing  season  when 
the  ground  is  able  to  absorb  a  large  percentage  of  it 
and  the  plants  can  make  use  of  it.  These  conditions 
are  especially  favorable  to  growing  crops  in  the  Red 
River  Valley.  About  one-half  of  the  total  annual 
precipitation  comes  in  the  3  months  most  important  to 
the  growing  crops.  May,  June,  and  July,  and  about 
three-fourths  of  it  in  6  months  from  April  to  Sep- 
tember, inclusive.  The  seasonal  variation  in  precipita- 
tion is  shown  in  table  4. 


Table  4. — 

Mean  seasonal  variation  in  precipitation 

» 

Winter, 
December- 
February 

Spring, 
March- 
May 

Summer, 
June- 
August 

Autumn, 
September- 
November 

Total 

Precipitation  in  Inches. 

Percentage  of  annual 

precipitation 

1.70 
8.6 

6.09 
25.3 

9.03 
44.8 

129 
21.4 

20.11 

100.00 

'  From  Inventory  of  the  Water  Resources  of  the  Orcat  Lakes,  St.  Lawrence  River, 
and  Red  River  of  the  North  Drainage  Area  by  L.  K.  Sherman,  regional  water  consult- 
ant.  A  summary  of  the  average  for  all  recording  stations  within  the  basin. 

Showers  occur  most  frequently  during  the  glowing 
season.  Their  average  frequency  for  representative 
stations  within  and  near  the  basin  for  the  20-year 
period  1915  to  1935,  inclusive,  is  shown  in  table  5.  The 
average  length  of  time  between  all  types  of  showers 
is  3.22  days.  The  longest  dry  period  during  this  inter- 
val was  34  days  recorded  April  30  to  June  2,  1917,  at 
Devils  Lake  just  outside  the  basin.  The  average  dura- 
tion of  the  longest  dry  period  each  year  was  about  17 
days. 

Table  5.— Frequency  of  showers  ' 


Average  number  per  mouth 

Average 
number  of 

May 

June 

July 

Aug. 

Sept. 

Total 

between 
showers 

0  01  to  0  10  inch 

4. 48 
3.83 
1.57 

6.06 
4.25 
2.65 

3.86 
3.64 
2.30 

3.68 
2.99 
1.23 

3.74 
3.28 
1.10 

20.82 
17.89 
8.86 

7.33 

0  U  to  0.50  inch      

8.65 

0.51  Inch...., 

17.28 

9.88 

11.96 

9.70 

7.90 

8.12 

47.66 

3.22 

I  From  records  of  the  U.  S.  Weather  Bureau.    Period  of  record,  20  years,  1916-36. 


8 


Regional  Planning — Red  River 


Staif  Report — Physical  Characteristics 

The  average  mean  annual  snowfall  in  the  Red  River 
Basin  is  about  34  inches.  The  snow  sekloui  reaches  this 
depth,  however,  because  melting  and  evaporation  take 
place  in  the  course  of  the  season.  The  seasonal  distri- 
bution of  snowfall  in  the  Red  River  Basin  is  shown  in 
table  6. 

Table  6. — Monthly  average  snowfall  in  inches  ' 


Month 

Average 

Month 

Average 

Month 

Average 

6.6 
6.7 
6.0 
Z6 

May 

0.3 
0 
0 
0 

September 

October 

November 

December 

0.1 

February 

1.6 

July 

4.7 

April        -    .  - 

6.6 

•  From  Inventory  o(  the  Water  Resources  of  the  Great  Lakes.  St.  Lawrence  River 
and  Red  River  of  the  North  Drainage  Area  by  L.  K.  Sherman,  regional  water  con- 
sultant. 

A  summary  of  the  monthly  averages  for  all  recording  stations  within  the  basin. 

Records  of  excessive  short  time  precipitation  in  the 
basin  are  available  for  but  few  points,  but  records  for 
storms  of  several  days  duration  were  compiled  and 
analyzed  from  the  daily  precipitation  records  by  P.  T. 
Simons  and  Forest  V.  King  in  Bulletin  No.  1017  of 
the  United  States  DepartmonL  of  Agriculture,  and 
summarized  in  a  table  by  L.  K.  Sherman  in  his  In- 
ventory of  the  Water  Resources  of  the  Great  Lakes, 
St.  Lawrence  River,  and  Red  River  of  the  North  Drain- 
ace  area.    This  is  shown  in  table  7. 

Table  7. — Storm  precipitation  * 


Year 

Date 

Length 
of  storm 
period 

Total  pre- 
clpltation 
at  center 
of  storm 

Location  of  storm 
center 

Mailmum 
24-hour  pre- 
cipitation 

at  one 
observing 

1897 
1897 
1899 
1900 
1908 
1909 
1916 
1915 
1916 
1916 
1916 
1919 
1919 

June  27-29 

July  17-22 

Aug.  17-20 

Aug.  4-11 

Aug.  26-31 

July  20-22 

June  10-13 

June  28-28 

Apr.  18-21 

May  13-16 

June  28-30 

June  20-30 

July  1-4 

Dai/i 
8 

6 

4 
8 

a 

3 
4 
3 
4 
4 
3 
4 
4 

4.66 
7.42 
8  18 

10.60 
6.93 

11.10 
3.91 
6.04 
2.68 
3.34 
3.84 
6.13 
9.02 

Amenla,  N.  Dak 

Wild  Rice,  N  Dak.... 

Leech  Lake.  Minn 

.Alexandria,  Minn 

Crookston.  Mian 

Boaulleu,  Minn 

Detroit,  Minn 

MayvlUe.  N.  Dak 

Campbell,  Minn 

Fullerton,  N.  Dak 

Beardsley,  Minn 

Cando,  N.  Dak 

Warroad,  Minn 

Inchu 
2.35 
5.86 
4.31 
3.16 
5.85 
10.75 
2.76 
3.98 
2,28 
2.94 
3.67 
6.30 
4.92 

'  From  Inventory  of  the  Water  Resources  of  the  Oreat  Lakes,  St.  Lawrence  River, 
and  Red  River  of  the  North  Drainage  Area.  Data  taken  from  Bulletin  No.  1017 
of  the  O.  8.  Department  of  Agriculture,  1922  by  P.  T.  Simons  and  Forest  V.  King. 

The  only  satisfactory  study  of  the  variation  in  an- 
nual precipitation  is  that  published  in  Geological  Sur- 
vey Water  Supply  Paper  No.  772,^  and  shown  dia- 
grammatically  on  page  64  of  that  paper.     This  indi- 


=  studies  of  Relations  of  Rainfall  and  Run-off  In  the  United  States, 
W.  G.  Hoyt  and  others,  V.  S.  Government  Printing  Office,  Washington, 
D.  C,  1036. 


cates  the  extremely  wide  range  of  annual  value.  The 
jears  of  low  precipitation  were : 

Inches 

1889 15.  2 

1910 12 

1917 13. 4 

1929 15.  5 

1934 14. 1 

The  years  of  high  precipitation  were : 

/itches 

1882 27.  4 

1892 27. 2 

1916 27.  8 

It  seems  well  to  anticipate  here  the  unusual  importance 
in  the  Red  River  Basin  of  this  wide  fluctuation  in  an- 
nual amount.  The  lower  diagram  on  page  64  of  Water 
Supply  Paper  No.  772  shows  the  10-year  progressive 
average  of  precipitation  minus  run-off,  which  may  be 
taken  as  the  approximate  amount  of  water  required 
for  satisfactory  transpiration  and  evaporation.  If,  for 
a  rough  consideration,  this  is  given  the  value  of  20 
inches,  it  is  clear  that  whenever  annual  rainfall  is 
less  than  that  amount,  (a)  agriculture  is  seriously 
affected,  and  (b)  the  vegetation  will  take  up  precipita- 
tion in  such  an  amount  that  low-water  stream  flow 
will  be  reduced  to  extremely  low  values.  If  the  aver- 
age annual  precii)itation  is  taken  as  22  inches,  and 
the  evapo-transpiration  demands  as  20  inches,  it  is 
obvious  that  under  average  conditions  the  remaining 
surface  water  susceptible  of  conservation  must  be 
less  than  the  2  inches  difference. 

Evaporation 

There  is  but  little  data  available  on  evaporation  from 
open  water  surfaces  but  Prof.  E.  F.  Chandler  studied 
the  rate  of  evaporation  from  a  shallow  lake  near 
Grand  Forks  for  a  period  of  10  years,  1905-14.  The 
results  were  summarized  by  P.  T.  Simons  and  are 
shown  in  table  8.  This  gives  the  average  value  for 
annual  evaporation  as  31.63  inches,  which  agrees  very 
well  with  other  recorded  data  for  portions  of  the  year 

Table  8. — ^fean  monthly  temperature  and  evaporation  at  Univer- 
sity of  North  Dakota  near  Grand  Forks,  N.  Dak.' 


Month 


January.. 
February 
March... 

April 

May 

June 

July 


Mean 
tempera- 
ture 


'F. 
4.0 
7.3 
22,8 
44.6 
52.1 
65.0 
67.6 


Mean 
evapora- 
tion 


Inchu 
0.40 
.60 
1.20 
3.22 
4.12 
4.94 
6.78 


Month 


August 

September. 
October 

November. 
December.- 


Total. 


Mean 
tempera- 
ture 


'F. 
65.6 
67.7 
45.9 
27.6 
11.3 


Mean 
evapora- 
tion 


Inche$ 

4.60 

3.63 

2.11 

.63 

.40 


31.63 


'  From  Inventory  of  the  Water  Resources  of  the  Great  Lakes,  St.  Lawrence  River, 
and  Red  River  of  the  North  Drainage  Area.  Data  from  P.  T.  Simons,  observations 
by  Prof.  E.  F.  Chandler,  professor  of  civil  engineering.  University  of  North  Dakota 
from  shallow  lake  near  Grand  Forks,  N.  Dak.,  during  the  10-year  period  1905-14. 
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made  by  the  Weather  Bureau  at  Edgeley,  N.  Dak. 
However,  the  figure  generally  used  for  computing  the 
evaporation  from  water  surfaces  in  this  area  is  36.38 
inches.  Computations  by  Meyer  give  mean  values  of 
about  24  inches  for  the  southern  and  eastern  parts  of 
the  basin  but  extreme  values  are  from  13  to  28  inches- 

Run-Off  in  Basin 

The  run-off  in  the  Red  River  Basin  varies  from 
one-half  inch  or  less  at  the  headwaters  of  the  Shey- 
enne  River  to  3  to  4  inches  for  the  Red  Lake  and 
Otter  Tail  Rivers.  The  only  i>Iace  in  the  basin  where 
accurate  records  have  been  kept  for  a  long  period  of 
time  is  at  Grand  Forks,  N.  Dak.,  where  data  go  back 
to  1882.     The  average  annual  run-off  from  the  Red 


River  watershed  above  that  point  up  to  1935  was  1.25 
inches.  The  average  before  1924  was  1.40  inches.  Up 
to  1924  the  average  run-off  for  the  Sheyenne  River 
Basin  was  0.54  inch  and  for  the  Pembina  River  Basin 
was  0.82  inch.  At  the  same  time  the  average  for  the 
Red  Lake  River  Basin  was  2.83  inches  and  for  the 
Otter  Tail  River  Basin,  3.55  inches.  It  is  thus  appar- 
ent that  the  greater  part  of  the  flow  of  the  Red  River 
at  Grand  Forks  comes  from  its  tributaries  on  tlie 
Minnesota  side.  Prof.  E.  F.  Chandler  prepared  the 
data  that  appear  in  table  9  showing  the  relation  of 
the  drainage  area  and  the  relative  amounts  of  the 
total  flow  of  the  Red  River  past  the  international 
boundary  as  furnished  by  the  various  tributaries. 


Table  9. — Average  yearly  run-off ' 


River 

Recording  station 

Drainage 

area,  square 
miles 

.Annual  run^)ff 

Average 

flow, 
second- 
feet 

Remarks 

Inches 

Acre  feet 

Red  River 

Grand  Forlts..    ..  

25,600 
6,420 
6,760 
3,630 
1,840 
1,860 
1,440 
7,380 
1,020 
1,130 
35,500 
1,000 
1,400 

680 
1,M0 

700 

530 
1,260 

460 
2,210 

1.25 
1.09 
2.60 

.84 
2.75 

.20 
1.90 

.42 
1.90 

.80 
1.22 
1.00 
1.30 
1.60 
1.60 

.80 
1.00 

.70 

.70 

.60 

1, 700, 000 

375,000 

768,000 

158,000 

268,000 

20,000 

145,000 

164,000 

103,000 

48,000 

2,320,000 

54,000 

96,000 

46,000 

83,000 

30,000 

28,000 

47,000 

17,000 

71,000 

2.350 
618 
1,060 
218 
370 
27 
200 
227 
143 
66 
3,200 
74 
133 
64 
115 
41 
39 
65 
24 
98 

Complete  record. 

Do    

Records  for  32  years  proportioned. 

Red  Lalie  River 

At  mouth,  Minn. 

Pembina  River 

At  mouth,  N.  Dak 

At.  TTinnth,  Minn 

Records  for  26  years  proportioned. 

Otter  Tail  River 

Records  for  19  years  proportioned. 

Rnis  Hr',  RinilT 

At  mouth  

Records  for  15  years  proportioned. 

Wild  Rice 

Records  for  12  years  proportioned. 

At  mouth,  N.  Dak 

Records  for  10  years  proportioned. 

Records  for  9  years  proportioned  or  estimated. 

At  mouth,  N.  Dak 

do 

Estimates  assisted  by  records  for  3  or  2  years  very  uncertain. 

Do. 

do 

Do. 

Buffalo  River 

At  mniith,  MjnTi 

Do. 

do -— 

Estimates,  with  no  records  of  this  stream,  but  merely  adjoining  streams. 

Snake  River 

do 

Do. 

Turtle  River 

At  mouth,  N.  Dak 

At  mouth,  Minn 

Do. 

Sand  Hill 

Do. 

Goose  River                  

At  mouth,  N.  Dak 

do - --.- 

Do, 

Elm  River 

Do. 

Wild  Rice  River    . 

.do         

Do. 

Recording  station 

Drainage 
area, 
square 
miles 

Runoff, 
inches 

As  finally  used 

River 

Area, 
square 
miles 

RunKjff 
proper, 
inches 

Remarks 

25,500 
6,420 
5,320 
2,960 
1.310 
1,460 

805 
5,420 

776 

35,520 

1,010 

910 
1,310 

1.26 
1.00 
2.49 
.74 
3.22 
.11 
1.72 
.44 
.81 
.45 
.04 
.25 
.31 

25,800 
6,420 
6,760 
3,630 
1.840 
1,860 
1,440 
7,380 
1,020 

35,520 
1,130 
1,000 
1,400 

1.25 

1.09 
2.50 

.84 
2.75 

.20 
1.90 

.42 
1.90 
1.22 

.80 
1.00 
1.30 

1882-1934  (52  years). 

Do 

Fargo       -  , 

1902-33  (31  years). 

Red  Lalte  River 

1902-33  (31  years). 

Pembina  River 

Neche    -    _ 

I9(M-08  (4  years);  1910-16  (5  years);  1919-33  (14  years). 

Fergus  Falls 

1900-16  (16  years);  1931-32  (1  year). 

Bois  des  Sioux 

1919-33  (14  years). 

Wild  Rice  River 

1909-17  (8  years);  1931-33  (2  years). 

Sheyenne  River 

West  Fargo 

1902-06  (4  years);  1919,  1930-33  (3  years). 

Hallock,  Minn 

1911-14  (3  years);  1929-33  (4  years). 

Red  River. 

International  boundary... 
Grafton 

1930-32  (2  years). 

Parlj  River 

1931-33  (2  years). 

Minto 

1932-33(1  year). 

Buffalo  River 

Dilworth 

Do. 

1  Computed  by  Dean  E.  F.  Chandler,  University  of  North  Dakota  for  63  years,  1882-1934,  inclusive,  from  all  available  records. 
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The  percentage  of  total  flow  for  the  streams  given 
in  the  table  is  an  estimate  hused  on  gaging  station  rec- 
ords for  periods  of  various  lengths  on  the  different 
streams.  Since  the  run-ofTs  given  in  this  table  include 
those  of  an  excessive  number  of  dry  yeare  they  prob- 
ably can  be  used  with  safety  in  computing  the  average 
volume  of  water  available  for  storage  on  various 
streams. 

From  these  data  and  knowledge  of  the  different  char- 
acteristics of  the  two  sides  ot  the  basins,  it  is  quite  clear 
that  the  conservation  possibilities  on  the  North  Dakota 
side  are  limited,  wliile  the  resources  on  the  Minnesota 
side  appear  to  be  more  richly  available  for  further  de- 
velopment. 

Long-Time  Trends 

Figure  18  of  Water  Supply  Paper  No.  772  brings  out 
sharply  tlie  periodic  variation  of  wet  and  dry  years. 
These  variations  or  cycles  are  quite  evident  even  when 
examined  on  tlie  basis  of  lO-3'ear  averages.  The  10- 
year  averages  also  indicate  an  apparent  slow  increase 
in  mean  annual  precipitation  up  to  about  1905  or  1909 
and  a  definite  downward  trend  from  those  years  to 
1935,  with  the  values  for  the  last  5  years  dropping 
lower  than  any  previous  record.  Whether  this  down- 
ward trend  in  annual  values  is  a  part  of  a  long-time 
cycle  or  wliether  it  is  the  result  of  man's  activities  has 
been  the  subject  of  considerable  disagreement  among 
hydrologists.  The  height  of  opinion  possibly  leans 
toward  a  composition  of  the  two  effects.  We  are  prob- 
ably justified  in  assuming  that  the  man-made  changes 
in  surface  conditions,  particularly  with  regard  to 
drainage  and  possibly  to  deforestation,  have  had  some 
small  part  in  producing  the  reduced  rainfall  of  recent 
years  and  any  long-range  plan  should  involve  consid- 
erations for  projects  which  might  have  a  counter  effect. 

The  following  remarks  apply  to  table  9 : 


System  for  computing  average  yearly  run-off  of 
streams  in  Ked  River  Valley,  from  all  available  rec- 
ords, as  used  by  E.  F.  Chandler  of  University  of 
North  Dakota,  on  this  date. 

All  areas  of  drainage  basins  as  given  in  this  table  are 
accurate,  and  were  carefully  measured  in  square  miles 
from  the  best  maps  (by  E.  F.  Chandler,  published 
1922). 

But  if  the  station  was  not  at  the  mouth  and  did  not 
include  the  entire  river,  the  run-off  per  square  mile  was 
used  as  recorded  for  the  upper  portion  of  the  area,  or 
was  slightly  modified  by  E.  F.  Chandler  according  to 
his  judgment  based  upon  differences  in  topography 
toward  the  mouth. 

The  records  of  run-off  at  regular  stations  are  entirely 
from  the  published  records  of  the  United  States  Geo- 
logical Survey. 

At  Grand  Forks,  N.  Dak.,  on  the  Red  River,  the 
records  are  complete  for  53  years,  1882  to  1934  inclu- 
sive. This  was  used  as  control  for  the  other  sta- 
tions of  shorter  records.  From  the  Grand  Forks  con- 
trol station  it  was  determined  how  much  the  average  of 
that  partial  period  of  shorter  record  was,  in  percentage, 
above  or  below  the  average  of  the  entire  53-year  pe- 
riod. The  shorter-period  average  at  each  other  sta- 
tion was  then  proportioned  down  or  up  by  that  per- 
centage, so  as  to  give  an  assumed  53-year  average, 
except  that  if  the  record  were  very  short,  some  modifi- 
cations were  made  according  to  the  judgment  of  E. 
F.  Chandler. 

For  rivers  with  no  records  at  all,  the  run-off  figures 
were  merely  based  on  estimates  from  adjoining  streams 
and  topography. 

On  this  basis,  with  years  of  record,  area,  and  run-off 
for  each  sti-eam  as  tabulated  below,  an  assumed  run-off 
figure  was  calculated  to  be  used  as  coming  from  the 
whole  53  years. 
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STAFF   REPORT  — SECTION    II 
ECONOMIC  HISTORY,    PRESENT    STATUS,   AND    TRENDS 


The  water  requirements  in  any  area  are  determined 
juiniarily  b}'  the  size  of  the  jiopulation  and  the  nature 
and  intensity  of  industrial  developments.  It  is  perti- 
nent, (lierefore,  to  inquire  into  the  economif  history  of 
the  area  comprising  the  Red  River  of  the  North  drain- 
iige  system.  Consideration  of  tliis  history  may  make 
possible  a  reasonable  forecast  of  future  developments 
and  of  future  water  requirements. 

Population 

In  1930  the  total  population  of  the  basin  was  re- 
corded as  489,091.  Of  this  total  approximately  248,000 
were  in  North  Dakota,  233,000  in  Minnesota,  8,000  in 
South  Dakota. 

From  1890  to  1910  the  entire  basin  and  each  of  its 
principal  subdivisions  grew  rapidly  in  population. 
Tlie  totals  were  228,000  in  1890,  and  443,000  in  1910. 
Since  this  latter  date  the  gi'owth  of  population  has 
been  much  slower  until  in  the  decade  1920-30  the  in- 
crease was  only  4,000.  The  complete  data  on  popula- 
tion, and  its  changes  from  1890-1930  are  shown  for 
the  area  as  a  whole,  and  for  the  sub-basins  in  table  10. 

While  the  total  population  had  continued  to  grow- 
in  each  decade  to  1930,  the  rural  population  outside 
incorporated  places  declined  after  1020.  Data  on  this 
l)oint  are  given  in  detail  in  table  11.  It  is  evident 
from  these  data  that  agriculture  reached  a  high  degree 
of  development  as  early  as  1900,  at  least  so  far  as 
such  developments  can  be  mea.sured  by  population. 
These  data  suggest  that  the  agincultural  population 
of  the  area  is  not  likely  to  increase  further,  unless 
there  is  some  substantial  change  in  the  type  of  agri- 


Table  10.— Total 

population 

state 

Subbasin 

1890 

1900 

1910 

1920 

1930 

Minnesota 

Bols  des  Sloui 

Buffalo-WUd  Rice, 
otter  Tail 

10,917 
39,000 
26,085 
21,304 
16,631 

17,070 
56.070 
37,066 
39,690 
31,866 

18,896 
60,549 
40,913 
52,882 
36,190 

17, 165 
70,694 
45, 182 
62,640 
40,497 

18,199 

71,677 
46,614 

Rpfi  T.filTA 

68,448 

Snake-Roseau 

37,828 

113,937 

181.752 

207,430 

238,068 

232,663 

North  Dakota 

29,373 
13,379 
70,453 

67,706 
19,884 
108,890 

88,279 
24,711 
116.605 

89,  210 
26.452 
125,788 

88,032 
24,989 
135,488 

Wild  Rice 

Other 

North  Dakota,  total... 

113,205 

186,460  227,685 

240,448 

248,607 

South  Dakota,  total 

1950 

7.078 

7.891 

8,688 

8,021 

Red  Klver  Basin,  total.. 

228,092 

378, 277  4*S  ("W 

488,204 

489,091 

cultural  activity.  This  point  will  be  referred  to  again 
a  little  later.  Rural  population  densities  by  counties 
for  the  basin  are  shown  in  figure  6. 

Table  11. — Rural  farm  and  non-farm  population  outside  incor- 
porated places 


State 

Subbasin 

1890 

1900 

1910 

1920 

1930 

Minnesota 

Bols  des  Sioui 

Buffalo-Wild  Rice. 

otter  Tail 

Red  Lake 

9,279 
33,526 
18,  624 
15, 894 
18,110 

12,977 
45,098 
23,818 
26.737 
27,664 

11,738 
43,831 
23,005 
32,971 
29,081 

12,275 
50,333 
24,  854 
,  40,  703 
31,  324 

13,011 

49, 424 
24,609 
37,071 

Snake-Roseau 

28,962 

Minnesota,  total 

92,433 

136, 194 

140,624 

169,  489 

153,077 

North  Dakota 

25,365 
12,922 
60,787 

50,140 
17,977 
69, 182 

66,832 
19,073 
83,380 

86,708 
19,  361 
60,828 

64,702 

WUdRice 

19, 247 

other 

69, 177 

North  Dakota,  total 

89,074 

137,299 

149,285 

146,887 

143, 128 

South  Dakota,  total 

>950 

6,869 

7,304 

7,426 

8,864 

Red  River  Basin,  total  . 

182,  457 

280,362 

297,213 

313,  802 

303, 057 

>  Estimated. 

Not  only  has  the  rural  population  ceased  to  increase, 
but  also  the  population  of  the  incorporated  places 
of  less  than  2,500  reached  an  approximate  maximum 
in  1920.  Data  in  support  of  this  point  are  presented 
in  table  12.  When  one  considers  the  change  in  trans- 
portation facilities  and  in  the  purchasing  habits  of 
rural  families,  the  conclusion  seems  inescapable  that 
the  necessity   for  small   service  towns  is  decreasing. 

Table    12. — Populalion  of  incorporated  places  {less  than  2,600) 


1  Estimated. 


State 

Subbasin 

1890 

1900 

1910 

1920 

1930 

Num- 
ber of 

vil- 
laces, 

1930 

Minnesota 

Bols  des  Sioux 

Buffalo-Wild  Rice. 
Otter  Tail    

1,638 
3,386 
2,436 
967 
1,621 

4,093 
7.242 
8,456 
3,698 
4,302 

6,160 
11,878 
8,214 
6,105 
7,109 

4,880 
14,541 
9,321 
7,937 
9,173 

6,188 
14,602 
8,941 
7,868 
8,663 

12 

33 

14 

21 

Snake-Roseau 

21 

9,947 

24,791 

38,486 

45,852 

46,260 

101 

Sheyenne 

North  Dakota 

2,919 

457 

10, 112 

6,120 

1,877 

24,913 

14,841 

5,838 

26,606 

17.816 
6,101 
23,406 

18,062 
5,742 
24,266 

40 

Wild  Rice 

13 

Other. 

64 

North  Dakota,  total.. 

13,488 

31,910 

46.985 

47,323 

48,070 

107 

206 

587 

1,262 

1,187 

6 

23,436 

86,907 

86,038 

94,437 

94,497 

214 

13 
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This  observation,  coupled  with  the  actuEi)  population 
trends  just  referred  to,  leads  to  the  conclusion  that 
the  population  of  the  small  towns  and  villages  in  the 
Bed  River  Basin  is  not  likely  to  increase  in  the  future. 
This  calls  for  consideration  of  the  population  resi- 
dent in  incorporated  towns,  villages,  and  cities  of  over 
2,500.  Data  for  this  group  are  summarized  in  table  13. 
Wliile  the  rate  of  jjopulation  growth  has  not  been 

Table  13. —  Urban  population  ' 


State 

Subbasin 

1890 

1900 

1910 

1920 

1930 

Num- 
ber of 
cen- 
ters, 
1930 

Minnesota 

Bois  des  Sioux.   . 

Buflalo-Wild  Rice. 

otter  TaiL 

Red  Lake 

2,088 
6,026 
4,443 

3,730 
7,782 
9,255 

4,840 
9,694 
13, 806 

5,720 
11,007 
14,000 

7,651 
13,064 
13,511 

1 
2 
3 

Minnesota,  total.    ,, 

11,  657 

20,767 

28,340 

30,727 

34,226 

6 

North  Dakota 

1,089 

2,446 

4,606 

4,686 

6,268 

1 

Wild  Rice 

other 

9,564 

14,  795 

26,809 

41,652 

52,043 

4 

North  Dakota,  total. 

10,643 

17,  241 

31,415 

48,238 

57,  311 

5 

South  Dakota,  total... 

Red  Elver  Basin,  total. 

22,200 

38,008 

59, 765 

76, 965 

91,637 

11 

'  Incorporated  places  with  over  2,600  population. 

maintained  since  1910  there  was,  nevertheless,  an  im- 
portant increase  in  the  decade  ending  in  1930.  This 
increase  totaled  about  15,000  of  which  11,000  was  in 
North  Dakota.  Growth  at  Fargo  and  Grand  Forks 
accounted  for  most  of  this.  Wliether  further  increase 
in  urban  population  may  be  expected  in  this  area  de- 
pends upon  the  forecast  of  future  industrial  develop- 
ment. Attention  will  be  given  to  this  matter  a  little 
later. 

The  population  data  indicate  that  rural  development 
has  reached  at  least  a  temporary  maximum.  The  same 
may  be  said  of  the  small  service  villages  and  towns. 
Increase  in  population  continued  at  a  fairly  rapid  rate 
in  the  larger  urban  communities.  Even  in  these  cen- 
ters the  increase  in  the  decade  ending  in  1930  (18  per- 
cent) was  only  a  little  more  rapid  than  that  for  the 
total  population  of  the  United  States  (16  percent). 
It  was  not  nearly  so  rapid  as  the  increase  in  urban 
population  of  the  country  as  a  whole  (27  percent). 
Thus  the  development  of  urbanism  is  proceeding  less 
rapidly  in  this  area  than  in  many  other  parts  of  the 
United  States. 

Agriculture 

The  drainage  basin  of  the  Red  River  of  the  North 
has  had  its  primary  development  in  agriculture.  In 
1900,  75  percent  of  the  population  of  the  area  was 


classified  as  rural,  that  is,  was  located  either  on  farms 
cr  in  small  unincorporated  towns  and  villages.  This 
percentage  has  decreased  since  the  turn  of  the  century 
but  still  stood  at  65  percent  in  1920  and  62  percent  in 
1930. 

In  1900,  61  percent  of  the  entire  land  area  of  the 
basin  was  in  farms  and  of  this  72  percent  was  actually 
improved  for  cropping.  By  1930,  77  percent  of  the  en- 
tire land  area  was  in  farms  and  over  92  percent  of  this 
was  improved.  Thus  it  appears  that  agi'icultural  de- 
velopment will  not  proceed  rapidly  in  the  future  in 
the  adding  of  additional  crop  lands  to  the  present 
total.  This  conclusion  is  reinforced  when  one  recalls 
that  considerable  quantities  of  lands  within  this  basin 
are  taken  up  by  lake  shore  devoted  to  recreational 
purposes,  and  other  considerable  portions  are  swamp, 
muskeg,  and  peat  lands,  not  adaptable  to  agi'icultural 
development.  Data  concerning  the  acres  in  farm  land 
are  summarized  for  the  area  as  a  whole  and  for  the 
several  States  in  table  14. 

Table  14. — Acres  in  farmland 


State 

1900 

1910 

1920 

1925 

1930 

1935 

Minnesota: 

Improved 

Wood     

3,  442,  000 

3,513,000 

735,000 

1, 006, 000 

4, 967,  000 
995,000 
910,000 

6,768,000 
330,000 
645,000 

6,  OOS,  000 
293,000 
612,000 

6,734,000 
356,000 
621  000 

Other 

1,  795, 000 

Total 

5,234,000 

5,  264,  000 

6,872,000 

6, 643, 000 

6, 873, 000 

7,711,000 

North  Dakota: 

6,238,000 

8, 193, 000 

228,000 

1,055,000 

8,470,000 

257,000 

1,162,000 

8,741,000 
211,000 
663,000 

9,204,000 
237,000 
697,000 

Wood 

Other.- 

1,948,000 

Total 

8,186,000 

9,476,000 

9,889,000 

9,  615, 000 

10,038,000 

South  Dakota: 

423,000 

3,000 

25,000 

Wood. 

Other 

Total 

451,000 

Red  River  Basin: 

Improved 

Wood 

9,680,000 

11,706,000 

963,000 

2,061,000 

13,437,000 
1,262,000 
2,072,000 

14,609,000 

641,000 

1, 108, 000 

15,696,000 

533,000 

1, 134,  000 

6,73i000 
356,000 
621,000 

Other 

3,743,000 

Total 

113,423,000 

'14,730.000 

'16,761,000 

'16,158,000 

17,  362, 000 

"7,711,000 

*  Minnesota  and  North  Dakota  only. 
'  Minnesota  only. 

The  value  of  agricultural  products  for  the  3 
census  years  1910,  1920,  and  1930,  is  summarized  in 
table  15.  These  data  have  all  the  shortcomings  of 
price  information  whenever  the  attempt  is  made  to 
compare  years  during  a  period  of  changing  price  levels. 
The  attempt  may  be  made,  therefore,  to  adjust  the 
figures  for  the  change  in  prices  of  each  of  the  major 
types  of  agricultural  products.  The  adjusted  value 
figures  are  given  in  table  16. 
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Attention  will  be  called  to  the  several  items  in  this 
table. 

1.  Field  crops  are  by  far  the  largest  part  of  the 
total  value  of  agricultural  products.  While  the  per- 
centage has  decreased  somewhat  it  still  stood  at  ap- 
proximately 80  percent  in  1930. 


Table  15.- 

-Value  of  agricultural  products  in  dollars 

State 

Products 

IBIO 

1920 

1930 

$3,460,000 
32,861,000 

$9,308,000 
96,432,000 

$13,994,000 

Field  crops 

Forest     

43,  666, 000 
1,668,000 

Poultry  and  eggs- 

1,448,000 

2,986,000 

7.092,000 

Total - 

37,469,000 

108, 786, 000 

66,220,000 

1,992,000 
77,397,000 

6,132,000 
142,472,000 

8, 307, 000 

Field  crops 

Forest          

62, 174, 000 
251,000 

Poultry 

1,691,000 

3,264,000 

3, 733, 000 

Total 

80,980,000 

161,868,000 

74,  625, 000 

Dairy 

Flald  crops 

Forest 

Red  River  Basin,  total'. 

6,452,000 
109,968,000 

16,500,000 
238,904,000 

22,361,000 

105,740,000 

1,819,000 

Poultry  and  eggs.. 

3,039,000 

6,250,000 

10,825,000 

Total '    

118,449,000 

280,664,000 

140,745,000 

>  Does  not  include  South  Dakota  portion. 

Table  10. —  Value  of  agricultural  products  in  millions  of  dollars 
adjusted  to  the  1909-1  i  price  level 


Year 

Dairy 
products  • 

Field 
crops' 

Poultry 
products 

1010 

6.4 
8.4 
18.2 

105.0 
103.0 
105.0 

3.0 

1920 

2.8 

1930 

8.6 

'  The  pounds  of  cream  sold  as  butterfat  in  the  area  Increased  from  7,766,000  pounds 
in  1910  to  61,700,000  pounds  In  1930. 

'  The  bushels  of  wheat  produced  in  the  area  decreased  from  99,000,000  in  1910  to 
62,000,000  In  1920.    Other  field  ctop.s  decreased  correspondingly. 

2.  There  has  been  no  appreciable  change  in  the  ad- 
justed value  of  field  crops  j^roduced  in  the  area  dur- 
ing the  past  20  years,  which  suggests  that  this  part  of 
the  agi'icultural  program  of  the  region  has  reached  a 
point  of  stability. 

3.  The  production  of  dairy  and  poultry  products 
underwent  striking  percentage  increases  in  the  decade 
ending  in  1930.  This  suggests  an  intensification  of 
agriculture  which  might  result  in  smaller  farms  and 
more  people  engaged  in  agi'iculture.  It  might  be 
noted,  however,  that  the  average  size  of  farms  during 
the  decade  stood  at  approximately  330  acres  in  each 
of  the  last  2  census  years.  In  1910  the  corresponding 
average  was  335  acres.  Perhaps,  therefore,  it  will  be 
necessary  for  the  intensification  and  diversification  to 
be  carried  much  farther  before  any  effect  on  rural 
population  is  felt. 


There  has  been  an  increase  in  farm  tenancy  in  the 
area  during  recent  j'ears.  The  1930  census  showed  ap- 
proxiinuU'ly  39  percent  of  all  farms  operated  by  ten- 
ants. This  is  almost  exactly  the  figure  given  for  the 
United  States  as  a  whole.  Ten  years  earlier  the  per- 
centage in  the  Red  River  Basin  was  only  31  percent, 
which  was  distinctly  lower  than  the  national  figure 
of  38  percent.  The  recent  increase  in  tenancy  in  the 
Red  River  Basin  is  occasioned,  perhaps,  by  the  par- 
ticularly adverse  conditions  that  prevailed  during  tlie 
twenties.  It  is  impossible  to  predict  the  future  trend 
in  this  connection  especially  since  the  present  situation 
is  so  similar  to  that  of  the  counti-y  as  a  whole. 

In  summary  it  might  be  suggested  that  the  history 
of  agricultural  development  in  this  area  suggests  that 
there  will  be  little  change  in  population  concerned 
directly  with  agricultural  production.  On  the  other 
hand,  there  may  be  an  increase  in  the  number  of 
people  employed  in  the  processing  industries,  if  the 
tendency  toward  dairy  and  poultry  production  con- 
tinues. The  effect  of  such  change  both  on  population 
and  on  water  requirements  will  be  considered  in  the 
section  on  industry. 

Industry 

The  basin  of  the  Red  River  is  industrialized  only  to 
a  very  limited  extent.  The  industries  which  do  exist 
are  the  result  of  two  principal  situations,  namely,  first 
the  necessity  for  processing  locally  produced  agricul- 
tural crops,  and  second,  the  necessity  for  certain  service 
indu.stries  required  wherever  there  is  an  established 
population.  The  most  important  industry  in  the  first 
group  in  this  area  is  the  creameries  serving  the  grow- 
ing dairy  industry.  There  are  150  creameries  located 
in  the  basin,  the  total  value  of  creamery  products  being 
$21,094,029  in  1930. 

In  addition  to  creameries,  there  are  one  beet  sugar 
factory,  one  large  and  several  small  flour  mills,  and 
a  few  minor  processing  plants.  In  the  second  group 
of  industries  mentioned  above,  there  &re  included  such 
miscellaneous  concerns  as  bakeries,  machine  shops, 
garages,  printing  plants,  and  other  small  concerns. 
Nowhere  in  the  area  is  there  any  important  industrial 
plant  manufacturing  for  interregional  trade,  with  the 
exception  of  the  agriculture  processing  concerns  al- 
ready' referred  to. 

When  consideration  is  given  to  the  natural  supplies 
of  raw  material,  to  possibilities  of  developing  power, 
and  to  the  industrial  personnel  available  for  manu- 
facturing enterprises,  it  does  not  appear  likely  that 
any  rapid, or  unusual  development  of  industry  will 
take  place  during  the  next  few  decades.  It  is  pos- 
sible, however,  that  the  agriculture  processing  indus- 
tries may  continue  to  increase  in  importance.  If  this 
occurs  there  would  result  an  increase  in  the  number 


16 


Regional  Planning — Red  River 


o  -ffll13«?i| 


-if  C|  fill 


Staff  Report — Economic  History,  Status,  and  Trends 


17 


of  creameries,  the  establishment  of  one  or  more  beet 
sugar  factories,  and  additional  packing  plants  for  the 
handling  of  poultry-  and  other  livestock  produced  in 
the  region.  Any  such  development  will  increase  some- 
what the  urban  population  of  the  area. 

In  1930  the  percentage  of  the  Minnesota  population 
gainfully  employed  in  all  activities  combined  was  ap- 
proximately 138  percent.  Approximately  one-fifth  of 
these  were  engaged  in  the  manufacturing  and  mechani- 
cal industries.  Tlie  percentage  of  the  people  gain- 
fully employed  in  the  counties  in  the  Red  River  Basin 
was  slightly  lower  than  for  the  State  as  a  whole,  the 
average  in  the  basin  being  36  percent.  Of  these  only 
about  one-tenth  were  engaged  in  the  manufactur- 
ing and  mechanical  industries.  In  other  words,  the  pro- 
portion engaged  in  these  industries  was  slightly  less 
than  one-half  as  gi-eat  in  the  Red  River  Basin  as  in 
the  entire  State.  It  was  only  one-fourth  as  great 
as  in  Hennepin  County,  Minn.  It  may  be  pointed 
out,  further,  that  only  about  5  percent  of  the  value 
added  by  manufacture  in  Minnesota  as  a  whole  is  pro- 
duced in  plants  lying  within  the  Red  River  Basin. 

There  is  little  reason  to  expect  marked  increase  in  the 
requirements  either  for  the  working  population,  or  for 
the  use  of  water,  arising  out  of  increased  industrializa- 
tion of  the  area,  except  as  there  is  further  sliifting  in 
agricultural  production  toward  the  animal  industries 
with  the  accompanying  increase  in  the  pi'ocessing  of 
animal  products. 

Trade 

The  average  per  capita  retail  sales  in  the  Red  River 
Basin  were  lower  according  to  the  1929  census  than  the 
average  for  Minnesota.  They  were  very  much  lower 
than  for  the  counties  immediately  surrounding  the 
Twin  Cities.  The  average  was  approximately  $315 
per  capita  for  the  counties  in  the  Red  River  Basin 
in  contrast  to  $434  in  the  Twin  Cities  area.  This 
appears  to  be  typical  of  agricultural  communities  in 
which  a  considerable  proportion  of  the  consumptive 
needs  of  the  inhabitants  is  produced  for  direct  family 
consumption.  It  should  not  be  taken  as  implying  that 
the  standard  of  living  in  such  a  community  is  neces- 
sarily lowered.  For  the  United  States  as  a  whole  the 
per  capita  retail  sales  in  1929  were  $400.  In  Minnesota 
the  average  for  the  State  was  $410,  and  in  North 
Dakota,  $345. 

The  wholesale  trade  in  this  area  is  confined  to  a  few 
cities,  of  which  the  most  important  is  Fargo.  The 
total  wholesale  trade  of  the  basin  was  approximately 
65  million  dollars  in  1929, 43  million  of  which  originated 
in  Fargo.  There  is  no  one  best  way  of  indicating  the 
relative  importance  of  wholesale  trade  in  an  area. 
Perhaps  two  indications  will  be  useful,  however.  The 
first  of  these  is  the  ratio  of  wholesale  to  retail  sales 


and  the  second  is  the  per  capita  volume  of  wholesale 
sales.  For  the  United  States  as  a  whole  there  was  1.4 
times  as  much  wholesale  business  transacted  in  1929 
as  there  was  retail  trade.  The  average  per  capita  vol- 
ume amounted  to  $570.  In  contrast  to  these  figures 
the  ratio  of  wholesale  to  retail  sales  in  Minnesota  is 
1.6  and  in  North  Dakota  1.1  while  the  per  capita 
wholesale  trade  in  these  two  States  was  $660,  and  $385, 
respectively. 

With  these  general  regional  figures  as  a  basis  of 
comparison  we  may  consider  the  wholesale  trade  origi- 
nating in  certain  representative  cities.  Data  for  such 
comparison  are  summarized  in  table  17. 

Table  17. —  Wholesale  trade  data 


Wholesale- 
retail 
ratio 

Per  capita 

wholesale 

trade 

Fargo  fin  the  Red  River  Basin) 

2.0 
2.3 
2.7 
3.0 
2.4 

{1,500 

Twin  Cities... 

1,476 

Ciiicapo ......... ... . . . 

1,750 

St    I^nia                                    ... 

1,760 

1,376 

United  States  total 

1.4 

670 

From  these  data  it  appears  that  there  is  in  the  Red 
River  Basin  at  least  one  wholesale  center  that  is  com- 
parable to  leading  trade  centers  elsewhere  in  its  service 
to  the  surrounding  territory.  Since  Fargo  has  devel- 
oped so  far  in  its  wholesale  activities  it  is  unlikely  that 
there  will  be  further  growth  in  this  line  unless  or  until 
the  general  population  in  the  surrounding  trade  terri- 
tory increases.  In  this  connection  it  might  be  pointed 
out  that  the  entire  population  of  the  Red  River  Basin 
was  less  than  one-half  million  in  1930.  The  total  popu- 
lation of  the  two  States  of  North  Dakota  and  South 
Dakota  was  under  1,400,000.  Development  of  whole- 
saling in  Grand  Forks,  Valley  City,  Crookston,  Fergus 
Falls,  and  Moorhead  seems  also  to  have  been  carried 
about  as  far  as  it  is  likely  to  go  unless  there  is  substan- 
tial increase  in  the  surrounding  population.  Data  on 
this  matter  are  summarized  in  table  18. 

It  might  be  said  that  the  drainage  area  contains  un- 
der 200  wholesale  establishments  employing  about  two 
thousand  persons.  This  number  of  institutions  and 
employees  is  probably  adequate  to  take  care  of  the 
wholesale  requirements  of  the  area  with  little  or  no 
expansion. 

Recreation 

The  Red  River  Basin  is  largely  a  flat  alluvial  plain 
to  the  west  of  which  lies  a  long  exjianse  of  prairie, 
which  extends  to  the  foothills  of  the  Roclcy  Mountain 
region.  Throughout  much  of  the  territory  west  of  the 
Red  River  there  is  little  relief  from  monotony  of  the 
prairie  either  in  the  form  of  momitauious  territory  or 
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of  lakes  and  rivers.  In  contrast,  the  major  portion  of 
the  Otter  Tail  Basin  is  thickly  dotted  with  lakes.  This 
area  together  with  the  Red  Lakes  and  their  immediate 
environment  includes  some  of  the  finest  wildlife  and 
recreational  facilities  of  the  entire  country. 

Considerable  advantage  has  already  been  taken  of 
the  natural  facilities  for  recreation  and  vacation  in 
the  Otter  Tail  Basin.  This  is  indicated  by  the  nvimber 
of  summer  resorts  and  tourist  camps  that  are  found 
in  the  area.  There  seems  to  be  no  question  but  that 
tlie  tourist  trade  in  the  Detroit  Lakes  district,  for 
example,  will  continue  to  increase  until  it  becomes  one 
of  the  most  important  elements  in  the  local  income 
of  the  entire  region.  Tourists  are  attracted  into  this 
area  not  only  from  the  comparatively  waterless  terri- 
tory lying  to  the  west,  but  also  from  the  lakeless  region 
to  the  south.  Many  hundreds  of  tourists  come  annu- 
ally from  Iowa,  Missouri,  Kansas,  and  Nebraska.  It 
is  difficult  to  forecast  the  water  requirements  that  will 
result  from  the  tourist  trade.  It  may  safely  be  said, 
however,  that  the  maintenance  of  lake  levels  is  ab- 
solutely necessary  to  the  continuance  of  this  trade.  It 
is  equally  essential,  of  course,  that  adequate  provision 
be  made  for  the  maintenance  of  safe  water  supplies 
for  domestic  use  throughout  the  vacation  territory, 
and  that  adequate  provision  be  made  for  sewage  dis- 
posal and  other  sanitary  arrangements. 

Water  Requirements 

The  water  requirements  in  any  area  must  be  con- 
sidered both  in  terms  of  quality  and  quantity.  The 
matter  of  quality  includes  the  original  chemical  com- 
position of  tlie  water  and  its  freedom  from  organic 
and  bacteriological  impurities.  Throughout  most  of 
the  Red  River  Basin  the  chemical  composition  of  the 
water  is  reasonably  satisfactory  although  there  are 
some  areas  in  which  the  fluoride  content  presents  a 
real  problem.  This  matter  will  be  discussed  further 
in  the  section  on  Water  Resources.  The  matter  of 
organic  impurities,  on  the  other  hand,  is  largely  the 
result  of  man's  handling  of  the  watershed.  Stream 
and  lake  pollution  result  from  improper  handling  or 
inadequate  treatment  of  domestic,  industrial,  and 
agricultural  wastes. 

Prevention  of  pollution  can  be  effected  when  ade- 
quate engineering  facilities  have  been  provided,  and 
when  adequate  stream  flow  can  be  maintained  in  the 
Red  River  Basin.  The  natural  stream  channels  are 
used  to  a  considerable  extent  for  the  transporting  of 
city  waste  material.  This  practice  makes  essential  the 
maintenance  of  a  considerable  flow,  even  at  the  time 
of  normal  low  water. 

With  one  exception  the  major  cities  and  towns  of 
the  area  use  surface  water  supjjlies  for  their  domestic 
systems  and  discharge  their  sewage   into   the  river 


channels.  The  adequacy  and  safety  of  these  water 
supjilies  are  dependent,  therefore,  on  continuous  stream 
flow  in  sustained  volume. 

Agricultural  Requirements 

None  of  the  agriculture  in  the  Red  River  Basin  is 
under  irrigation.  In  the  northern  and  western  por- 
tion of  the  basin,  however,  the  rainfall  is  little  more 
than  that  required  for  annual  crop  production  without 
irrigation.  In  the  years  of  light  rainfall  the  total 
precipitation  is  undoubtedly  less  than  that  required 
for  satisfactory  crop  production.  It  will  be  recalled 
that  in  1930  approximately  70  percent  of  the  entire 
land  area  was  in  crop.  In  the  northern  and  west 
part  of  the  basin  where  the  rainfall  is  the  lightest  the 
l)ercentage  of  land  actually  in  ci'op  is  the  highest,  as 
there  is  almost  no  rotation  due  to  irregular  topog- 
raphy. Consequently,  it  is  imperative  that  precipita- 
tion be  carefully  conserved  if  the  present  agricultural 
production  is  to  be  maintained  successfully. 

Conservation  of  water  for  agricultui-al  purposes  in 
this  area  will  require  particular  attention  to  the  re- 
duction of  surface  run-off  during  and  immediately  fol- 
lowing the  periods  of  high  precipitation.  It  may  be 
pointed  out  in  passing  that  there  is  a  close  economic 
relationship  between  this  problem  of  reduction  of  run- 
off, and  the  prevention  of  soil  erosion.  Whatever  is 
done  to  check  run-off  will  have  the  accompanying 
effect  of  reduced  erosion. 

Reduction  of  rmi-off  involves  work  at  the  head- 
waters so  that  accumulation  of  surface  water  may  be 
kept  small.  Crop  rotation  and  soil  handling  are  of 
major  importance  in  this  connection. 

As  water  accixmulates  in  the  tributary  streams  and 
flows  into  or  toward  the  principal  lakes  it  is  desirable 
to  have  considerable  flexibility  in  the  storage  capac- 
ity in  order  to  prevent  the  extreme  rise  and  fall  in 
the  main  streams  below  these  storage  lakes.  Not  a 
great  deal  is  known  about  the  movements  of  water 
from  the  lakes  into  the  subsoil  where  it  aids  in  main- 
taining well  levels  and  subsurface  moisture.  There 
is  considerable  likelihood,  however,  that  the  mainte- 
nance of  lake  levels  has  a  favorable  effect  on  the  main- 
tenance of  groundwater  levels.  This  is  of  particular 
importance  throughout  much  of  the  Red  River  Basin, 
because  of  the  dependence  of  the  individual  farmer 
and  of  small  communities  on  well  water  for  all  domes- 
tic purposes. 

Urban  Requirements 

As  has  already  been  pointed  out  the  population  den- 
sity of  the  Red  River  Basin  is  light  and  the  urban 
development  is  comparatively  minor.  One  hundred 
and  ninety  thousand  out  of  the  total  population  of 
'190,000  live  in  towns,  villages,  and  cities.  Domestic 
and  industrial  requirements  of  this  so-called  urban 


Staff  Report — Economic  History,  Status,  and  Trends 


19 


population  would  be  equal  to  only  0.015  of  an  inch  of 
rainfall  over  the  entire  basin  area.  That  is  to  say,  this 
small  amount  out  of  the  total  precipitation  actually 
delivered  into  the  water  system  of  the  urban  commu- 
nities would  take  care  of  their  entire  requirements. 
This  is  less  than  0.001  of  the  total  precipitation  and 
it  may  seem,  therefore,  to  be  an  unimportant  amount. 
It  is  certainly  to  be  emphasized  that  by  far  the  major 
uie  of  water  in  this  watershed  is  in  the  production 
of  crops.  The  importance  of  the  urban  uses  lies  not 
in  its  quantity  but  in  the  requirements  that  it  must 
be  delivered  continuously  in  certain  quantities  at  cer- 
tain points  with  a  certain  high  degree  of  purity.  These 
requirements  dictate  the  necessity  of  flexibility  in  the 
system  of  storage  and  transportation  of  water.  Since 
it  is  true  that  the  demands  of  agricultural  crops  and 
native  vegetation  are  sufficient  to  use  much  of  the  pre- 
cipitation in  normal  years,  and  more  than  the  total 
[irccipitation  in  dry  years,  it  is  essential  that  gi-eat 
care  be  given  to  provisions  of  adequate  water  for 
(he  urban  purposes,  even  though  the  total  urban  re- 
quirements seem  comparatively  small. 

Nearly  all  of  the  urban  communities  in  the  basin  use 
surface  water  supplies.     The  city  of  Fargo  requires 


ai^proximately  5.2  cubic  feet  per  second  of  continu- 
ous flow  for  the  use  of  the  city.  In  addition,  it  is 
necessary  that  a  continuous  flow  be  maintained  be- 
low the  city  both  as  a  carriage  for  the  industrial  wastes 
and  for  the  supply  for  the  communities  farther  down 
the  river.  Of  course,  the  Red  Lake  River  supplies 
part  of  this  latter  demand  but  it  should  be  adequately 
supplemented  by  continuous  flow  in  the  Red  River 
itself. 

It  may  be  pointed  out  further  that  as  urban  popula- 
tion increases  in  the  basin  with  corresponding  in- 
crease in  urban  water  requirements,  there  will  be  no 
accomjjanying  reduction  in  rural  requirements.  Con- 
sequently it  will  become  increasingly  important  that 
water  supplies  and  transporting  systems  be  maintained 
both  with  respect  to  adequacy  and  to  flexibility. 

The  waters  in  the  Red  River  Basin  have  never  been 
used  to  any  gi-eat  extent  for  the  development  of  elec- 
tric power.  The  few  plants  that  have  been  installed 
have  been  used  mainly  as  supplementary  to  steam 
plants.  If  the  flow  in  the  streams  could  be  more  nearly 
I'egularized  the  use  of  hydro  plants  would  doubtless 
be  extended.  This  applies  especially  to  the  plants  on 
the  Otter  Tail  and  Red  Lake  Rivers. 


Table  18.— Wholesale  trade  '  in  cities  of  over  6,000  population 

State 

City 

Number  ol 

establisb- 

ments 

Total  num- 
ber ot  em- 
ployees 

Salaries  and 
wages 

Total  ex- 
penses 

Inventory 
(end  of  year) 

Net  sales 

16 
12 
20 

97 
42 
127 

$153, 905 
66,629 
189,  707 

$320,966 
100,  710 
360,011 

$213, 083 
111,444 
349,  291 

$2,  759,  704 

Fergus  Falls 

1, 322,  494 

Moorhead                .              .  — 

3,802,010 

48 

266 

400, 141 

781,687 

673,818 

7,884,208 

Fargo: 

Wholesalers  only 

48 
40 

688 
603 

984,434 
1, 182,  289 

2,069,673 
2,466,981 

1,  749,  779 
2,003,394 

13,  329, 182 

All  other  types 

29,  643,  488 

88 

1,191 

2, 166,  723 

4,  636,  654 

3,  753, 173 

42,872,670 

Grand  Forks 

29 
12 

421 
S6 

697,897 
89,  625 

1,652,847 
191,  623 

I,  261,  632 

178,  838 

12,  227, 727 

Valley  City 

1,  596,  630 

North  Dakota,  total 

129 

1,668 

2, 954, 145 

6,381,124 

6, 183,  643 

66,697,027 

177 

1,934 

3.354,286 

7, 162,  811 

6,867,361 

64,681,235 

1  From  Fifteenth  Census  of  the  United  States— Wholesale  Distribution— 1929. 
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STAFF   REPORT  — SECTION    III 
WATER    PROBLEMS   AND   WATER    PLAN 


History  of  the  Water  Problems 

During  tlic  early  years  of  the  development  of  the 
Bed  River  Valley  a  very  great  portion  of  the  basm  was 
in  marsh  land.  The  flow  of  the  streams  was  subject  to 
good  natural  regulation.  The  stream  channels  were 
ajjparently  more  adequate  than  at  present  and  water 
transportation  was  possible  throughout  a  large  part  of 
the  year.  The  Red  River  was  navigable  for  steamers 
and  boats  of  possibly  a  hundred  feet  in  length.  These 
boats  operated  somewhat  regularly  on  the  Red  Lake 
River  to  and  hito  Red  Lake  itself.  Ground-water  lev- 
els apparently  must  have  been  high.  Between  1880 
and  1900  the  greater  part  of  the  valley  was  put  under 
cultivation  and  the  run-off  characteristics  were  appre- 
ciably modified.  Between  1900  and  1916  land  drainage 
was  installed  for  a  larger  part  of  tlie  natural  marsh 
area  and  for  a  great  deal  of  the  good  cultivated  land. 
It  seems  probable  that  soil  erosion  began  in  the  early 
years  of  cultivation  and  the  channels  of  most  of  the 
streams  have  undoubtedly  been  decreased  in  capacity. 

The  record  indicates  that  serious  floods  occurred  in 
the  earlier  years  of  the  occupation,  but  undoubtedly 
the  important  floods  of  1913,  191G,  and  1919  were  ag- 
gravated by  the  man-made  changes  which  had  taken 
place,  particularly  by  the  extensive  land  drainage 
which  was  then  relatively  new  and  probably  in  effec- 
tive operating  condition. 

In  general,  changes  in  land  use  and  in  the  streams 
themselves  have  brought  about  an  increased  run-off 
during  tlie  spring  break-up  and  a  reduction  in  the 
amount  of  moisture  going  into  ground  water.  This  in 
turn  has  resulted  in  decreased  summer  stream  flow  and 
lowered  ground-water  levels. 

The  important  cities  of  the  valley  have  been  built  up 
along  the  Red  River,  the  Otter  Tail  River,  and  the  Red 
Lake  River.  As  they  have  increased  in  size,  they  have 
found  ground-water  resources  inadequate  for  municipal 
sujjplies  and  with  one  exception  have  turned  wholly  or 
in  part  to  impounded  stream  flow  for  this  purpose. 
Without  exception  these  cities  have  discharged  their 
.sewage  untreated  into  the  streams.  The  improvement 
of  agi-iculture  brought  processing  industries  and  these 
in  turn  required  more  of  the  available  water  supply 
and  added  polluted  waters  to  the  rivers. 

Within  the  past  10  years  the  coincidence  of  increased 
demand  for  water,  increased  return  of  polluted  water 
to  the  stream,  and  reduced  summer  stream  flow,  reached 
a  critical  point  where  the  available  water  in  the  stream 
was  not  equal  to  the  aggi-egate  of  the  demands  and 
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began  to  be  subjected  to  reuse  from  city  to  city  down 
the  valley. 

Between  1912  and  1920,  when  the  population  of  the 
cities  was  rapidly  increasing,  precipitation  in  tliis  area 
was  going  through  a  wet  cycle.  Serious  floods  occurred 
in  3  years  and  summer  stream  flow  was  fairly  well  sus- 
tained. In  1920,  drouth-producing  conditions  began  to 
appear  with  precipitation  at  subnormal  values  in  parts 
of  the  basin  and  with  an  excess  of  evaporation  and 
transpiration  losses.  With  only  slight  improvement  in 
1  or  2  years,  this  condition  persisted  until  the  actual 
beginning  of  the  serious  drouth  about  1930.  Through- 
out this  whole  period  there  was  a  downward  trend  in 
the  available  water  and  an  increasingly  serious  condi- 
tion as  to  the  quality  of  water  in  the  streams  for  urban 
use.  The  cities  improved  their  water  treatment  and 
certain  of  them  undertook  treatment  of  sewage  and 
other  wastes  but  the  stream  flow  throughout  several 
months  of  the  year  was  so  inadequate  for  the  dilution 
of  wastes  that  the  water  was  unsatisfactory  for  city 
supplies  and  the  streams  themselves  became  odorous 
and  highly  objectionable.  The  situation  had  become  so 
critical  that  in  1931  the  States  of  Minnesota  and  North 
Dakota  agi-eed  to  undertake  a  pollution  survey  of  the 
liver.  As  the  result  of  this  study  further  treatment  of 
sewage  was  undertaken  by  some  of  the  towns,  but  it 
became  obvious  that  satisfactory  urban  supplies  and  a 
reasonable  condition  of  the  stream  itself  could  not  be 
secured  with  the  water  reused  to  such  an  extent. 

The  continuation  of  the  drouth  further  reduced  low- 
water  stream  flow  in  succeeding  years  to  a  point  where 
for  long  periods  use  of  water  had  to  be  restricted  in 
some  of  the  cities  and  only  through  tiie  most  rigidly 
prosecuted  emergency  measures  was  sufficient  water 
made  available  for  ordinary  household  use.  This  criti- 
cal condition  occurred  in  1933,  1934,  and  again  in 
1936.  The  unanimous  opinion  that  a  permanent  solu- 
tion of  the  water  supply  and  sanitary  problems  of 
the  valley  must  be  found  together  with  the  then  cur- 
rent program  of  the  Federal  Goverimient  with  regard 
to  public  works,  resulted  in  the  organization  of  the 
interstate  committee. 

The  committee's  studies,  while  concentrated  on  the 
two  critical  needs  described  above,  took  cognizance  of 
the  other  water  problems  that  existed.  These  included 
the  widespread  inadequacy  of  the  water  supplies  of 
the  smaller  towns  heretofore  dependent  upon  ground 
water  and  the  unsatisfactory  quality  of  much  of  the 
ground  water,  both  because  of  high  general  mineral 
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content  and  because  of  the  presence  of  fluorides  in  a 
damaging  amount. 

AVliile  the  area  lias  not  been  subjected  to  serious 
floods  during  the  dry  cycle,  the  experiences  of  the 
1910  to  1920  period  clearly  indicated  that  provision 
must  be  made  for  correction  of  flood-flow  conditions 
before  the  valley  experienced  a  recurrence  of  years  of 
high  precipitation  and  of  intense  storms. 

The  southeastern  part  of  the  area,  in  particidar  the 
Otter  Tail  Basin,  is  intensively  used  for  recreation.  Its 
"thousand"  lakes  are  its  gi'eatest  asset.  Their  reces- 
sion, during  the  drouth  period,  seriously  impaired  their 
use.  An  important  problem  existed  Mith  regard  to  the 
stabilization  of  lake  levels,  insofar  as  could  be  accom- 
plished. 

Agricultural  drainage  facilities  for  the  fertUe  lands 
had  been  neglected  and  provision  for  their  rehabilita- 
tion was  needed. 

The  widespread  drainage  of  unfertile  lands,  partic- 
ularly the  peat  marshes,  had  in  part  been  responsible 
for  the  unsatisfactory  stream-flow  characteristics. 
The  restoration  of  these  marshes  is  important  to  the 
main  problem  and  will  be  valuable  for  the  conserva- 
tion of  wildlife. 

Each  of  these  problems  is  considered  in  the  subse- 
quent sections  of  the  report,  and  thoir  best  solutions 
are  coordinated  into  the  best  over-all  water  plan  for 
the  valley  as  a  whole. 

Previous  Studies  and  Reports 

The  most  complete  report  ever  prepared,  covering 

the  hydrology  of  this  basin,  is  that  on  Drainage  and 
Prevention  of  Overflow  of  the  Valley  of  the  Red  River 
of  the  North,  by  P.  T.  Simons  and  F.  V.  King,  pub- 
lished as  Bulletin  No.  1017  of  the  United  States  De- 
I^artment  of  Agriculture  dated  March  31,  1922.  This 
report  sinnmarizes  in  a  very  thorough  manner  avail- 
able precipitation  and  stream-flow  data  up  to  and  in- 
cluding the  3'ear  1919.  It  deals  priraarily  with  flood 
prevention  in  the  valley  of  the  Red  River  and  of  the 
Bois  des  Sioux,  and  with  the  drainage  and  reclamation 
of  the  marsh  lands  north  of  Lake  Traverse. 

There  is  also  available  a  report  of  the  Minnesota 
Department  of  Conservation  on  the  Red  Lake  River 
with  the  accompanying  report  of  Ailolph  ]Meyer,  con- 
sulting engineer,  dealing  primarily  with  flood  coitcc- 
tioii  in  this  subbasin. 

There  have  also  been  reports  of  the  Minnesota  Con- 
servation Commission  and  the  State  engineer  of  North 
Dakota  on  specific  water  projects  studied  by  them,  a 
report  on  Water  Supply  and  Sewage  Disposal  Condi- 
tions, James  and  Sheyenne  River  Basins,  by  the 
United  States  Corps  of  Engineers,  July  1935.  and  also 
surveys  and  i-eports  on  certain  projects  carried  under 
the  Federal  Emergency  Relief  Administration.     The 


interstate  survey  and  report  on  stream  pollution  has 
been  referred  to  previously. 

Organization  of  the  Work 
of  the  Committee 

The  committee,  at  its  first  meeting,  determined  that 
it  would  be  necessary  to  divide  the  drainage  area  into 
its  principal  subbasins  and  to  make  ar.  intensive  study 
of  each.  These  studies  have  resulted  in  reports  by 
the  respective  State  j^lanning  boards  on  each  of  these 
subbasins  appended  hereto.  They  contain  detailed  re- 
view of  physical  conditions,  of  land  use,  population 
trends,  and  conclusions  as  to  the  future  economic  condi- 
tion of  the  area  and  of  the  water  problems  needing 
solution  to  permit  the  best  probable  type  of  develop- 
ment to  take  place. 

The  findings  contained  in  the  subbasin  reports  have 
become  the  basis  of  analysis  of  the  future  development 
of  the  vallej'  as  a  whole,  and  the  solution  of  the  water 
problems  indicated  by  the  subbasin  studies  have  been 
coordinated  into  a  unified  long  range  water  plan  for 
the  Red  River  of  the  North. 

During  the  course  of  these  studies  it  has  been  neces- 
sary to  make  a  new  analysis  of  hydrologic  factors  tak- 
ing into  account  basic  data  accumulated  subsequent 
to  the  Simons-King  studies.  This  work  has  been  car- 
ried out  primarily  by  the  staffs  of  the  planning  boards 
with  the  coojierative  assistance  and  guidance  of  those 
officials  concerned  with  water  development  in  all  three 
States.  An  api^lication  of  the  information  to  certain 
of  the  problems  developed  complexities  requiring  more 
intricate  hydrologic  study.  In  this  matter  the  com- 
mittee secured,  through  the  National  Resources  Com- 
mittee, the  assistance  of  Mr.  Adolph  Meyer  as  an 
additional  consulting  engineer.  His  report,  covering 
an  analysis  of  the  hydrologic  features  of  certain  proj- 
ects is  attached  hereto  as  appendix  A.  In  addition  to 
the  cooperation  by  the  State  offices,  a  number  of  the 
city  engineers,  water  commissioners,  and  other  officials 
of  the  principal  cities  met  with  the  committee  on  sev- 
ei'al  occasions  and  furnished  valuable  information. 
Dean  E.  F.  Chandler.  L'niversity  of  North  Dakota, 
voluntarily  contributed  important  information  with 
regard  to  stream  flow  and  other  water  matters.  The 
findings  of  the  committee  are  discussed  in  the  succeed- 
ing topics,  each  topic  dealing  with  one  of  the  im- 
portant water  uses  or  water  improvement  needs. 

1.  Improvement  of  Dependable  Low  Water  Stream  Flow 

The  average  run-oft'  of  the  whole  basin  is  1.25 
inches;  about  two-thirds  of  this  occurs  in  March, 
April,  May,  and  June  and  stream  flow  throughout  the 
remaining  8  months  is  extremely  small.  Since  1930, 
the  montlily  run-off  during  these  8  months  has  aver- 
aged less  than  one-hundredth  of  an  inch,  and  the  flow 
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has  ceased  for  relatively  long  periods.  With  one 
exception  the  larjier  cities  are  dependent  on  stream 
flow  for  urban  water  supply  and  for  the  dilution  of 
\sastes.  During  the  past  5  years  the  stream  flow  has 
been  largely  sewage,  the  water  being  reused  several 
times  before  reaching  the  lower  cities  of  the  valley. 
Sewage  and  waste  pollution  have  been  little  improved 
i>y  stream  flow  and,  in  some  reaches,  the  water 
quality  has  been  further  reduced  by  the  growth  of 
organisms  attracted  by  pollutional  matter.  The  raw 
water  available  to  the  uuinicipal  water  treatment 
plants  of  this  area  is  probably  the  most  unsatisfactory 
supply  in  any  part  of  the  United  States.  For  several 
years  the  situation  has  been  critical  as  to  water  quality. 

AVith  the  excepticm  of  Moorhead,  all  the  larger  cities 
of  the  Bed  River  Valley  take  their  water  supply  from 
streams  and  discharge  si'wage  into  them.  Even  in 
years  of  mean  rainfall  the  stream  flow  is  insufficient  to 
meet  the  demands  for  tliose  uses  within  the  limits  of 
modern  sanitary  standards.  In  dry  years  the  flow  of 
tiie  stream  at  some  water  supply  intakes  consists 
largely  of  sewage  incompletely  purified  for  (his  pur- 
l)ose  by  either  natural  or  artificial  processes.  Any  long 
range  plan  of  water  development  must  be  centered  on 
the  correction  of  this  condition. 

Modification  of  the  quality  of  low-water  stream  flow 
ultimately  would  require: 

{a)  The  reduction  of  pollutional  discharge  into  the 
stream  to  the  greatest  extent  economically  practicable. 

{b)  The  regulation  of  stream  flow  in  such  manner 
that  the  mean  dry  weather  flow  will  be  adjusted  to  the 
remaining  pollution  in  accordance  with  accepted  stand- 
ards of  sanitation. 

The  first  requirement  must  be  met  by  complete  treat- 
ment of  all  sewage  and  industrial  wastes  and  by  im- 
provement in  rural  sanitation.  The  second  indicates 
the  necessity  for  water  conservation  by  storage  and 
for  regulated  release  to  stream  flow.  There  must  be 
improved  and  maintained  low-water  channels  for  the 
efficient  transportation  of  water  from  storage  sites  to 
the  cities  on  the  river. 

With  the  assistance  of  data  furnished  by  the  sani- 
tary authorities  of  the  States  and  with  the  consulting 
advice  of  Mr.  Whittaker.  State  sanitary  engineer  of 
Minnesota,  estimates  have  been  prepared  of  the  oxy- 
gen demand  of  treated  sewage  effluents  from  the  cities, 
and  of  treated  industrial  wastes — ai)pendix  B.  From 
pollutions  to  be  anticipated,  on  the  basis  of  treatment 
effective  to  the  extent  of  eighty-five  percent,  the  quan- 
titative values  of  stream  flow  are  presented  which  will 
create  a  satisfactory  oxygen  balance.  Tliese  values 
are  given  in  table  19  for  two  conditions:  (a)  for 
summer  and  fall  flows  when  the  streams  are  open  to 
natural  reaeration  and   (b)    when  the  stream  is  ice- 


covered,   app.^icable   to    the   months   of   December   to 
March. 

Table  19. — Minimum  rales  of  stream  flow 


LocatioD 


Below  Fergus  Falls 

Below  Brcckeurldgo  aod  Wahpeton 

Below  Fargo  and  Moorhead 

Below  Sheyenne  River 

Below  Thict  River  Falls 

Below  Crookston 

Below  Grand  Forks 


Summer 

and  fall 

conditions 


Cu.ft.per 

tec. 

2S 

25 

60 

200 

10 

25 

300 


Winter 
conditions 


Cu.  ft.  per 

sec. 

25 
40 
145 
400 
10 
30 
640 


These  values  are  sufficient  to  meet  existing  condi- 
tions and  for  the  small  increase  in  development  ex- 
pected during  the  next  few  years.  It  is  expected  that 
the  extension  of  agricultural  pi-ocessing  industries 
which  may  naturally  follow  installation  of  improved 
water  supply  will  require  an  ultimate  increase  in  the 
rates  given  by  approximately  30  percent. 

The  values  given  represent  the  minimum  rate  of  flow 
expected  to  be  secured  in  at  least  19  years  out  of  20. 
It  is  not  economically  practicable  to  secure  tliese  rates 
in  the  latter  \nxvt  of  a  5-year  drouth  period,  and  under 
such  conditions  amounts  of  from  one-half  to  two-thirds 
of  tho.se  given  must  be  accepted  with  consequent  tem- 
porary decrease  in  sanitary  standards. 

The  proper  program  for  the  realization  of  this  plan 
will  involve : 

(a)  Complete  treatment  of  sewage  and  industrial 
waste  within  3  years,  expected  to  produce  a  reduction 
of  biological  oxygen  demand  of  the  effluents  in  an 
amount  of  85  percent. 

(b)  Dependable  regulation  of  stream  flow  to  the  ex- 
tent of  one-half  of  the  values  given  w  itliin  2  years. 

(r)  AVater  conservation  and  stream  flow  regulation 
to  produce  the  values  given  within  6  years. 

(d)  Provision  for  an  increase  of  stream-flow  rates 
by  30  percent  within  15  years. 

During  certain  of  the  wet  years,  the  main  stream 
flow  values  have  nearly  met  the  standards  given  above. 
During  years  of  iionnul  rainfall  and  run-off  the  total 
annual  run-off  has  been  ample,  and  the  relatively  sim- 
lAe  storage  of  sjjring  season  flow  would  have  permitted 
the  proposed  regulation  throughout  the  year. 

In  this  region,  drouth-producing  conditions  appeared 
in  1920  with  subnormal  i)recipitation  in  parts  of  the 
basin  and  an  excess  of  evaporation  over  the  whole  area. 
Stream  flow  was  subnormal  after  1922.  After  1929. 
the  total  annual  stream  flow  if  completely  conserved 
and  regulated  would  have  been  insufficient  to  meet  the 
standards  set  up.  The  water  conservation  plan  must 
accordingly  be  designed  to  store  water  in  wet  years  in 
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sufficient  amounts  to  develop  the  regulated  flows  over  a 
series  of  dry  years  but  with  some  reduction  in  stand- 
ards in  the  last  year  of  a  5-year  drouth. 

Such  long-time  storage  will  be  subject  to  great  losses 
of  which  evaporation  from  water  surface,  when  the 
rates  are  compatible  with  drouth  conditions,  is  the 
most  serious.  For  storage  in  shallow  lakes  these  losses 
may  represent  so  great  a  part  of  the  impounded  water 
as  to  require  detailed  analysis  of  each  proposal. 

In  this  drainage  basin,  natural  storage  facilities  exist 
in  the  lakes  of  the  Otter  Tail  Basin  and  in  the  Red 
Lakes,  and  to  a  certain  extent  in  Lake  Traverse.  The 
out-flow  from  all  of  these  lakes  has  until  recently  been 
unregulated.  The  present  regulation  dams  on  Otter 
Tail  Lake  and  Eed  Lake  are  inadequate  for  the  purposes 
here  outlined,  and  have  never  been  operated  for  the 
efiicient  regulation  of  stream  flow. 

As  shown  on  the  precipitation  map,  figure  4,  the 
Otter  Tail  Basin  lies  in  the  area  of  highest  annual  rain- 
fall. The  rainfall  in  the  drainage  basin  of  the  Red 
Lake  is  above  the  average  for  the  Red  River  Basin 
as  a  whole.  The  topographic  and  subsurface  condi- 
tions in  these  areas  are  favorable  to  further  develop- 
ment at  relatively  small  cost. 

The  committee  has  placed  the  Otter  Tail  project  as 
first  on  the  list,  and  the  Red  Lake  project  as  the  sec- 
ond. The  Lake  Traverse  project  has  been  extensively 
studied  and  is  found  to  be  inefficient  for  conservation 
purposes,  and  its  development  for  that  purpose  alone 
is  not  justified,  from  the  viev/point  of  long-time  water 
storage. 

The  hydrologic  study  indicates  that  water  conserva- 
tion for  drouth  periods  must  not  only  store  water 
available  at  the  tune  of  spring  thaws  but  must  also  be 
arranged  to  capture  flood  flows  from  the  sunmier 
storms.  The  study  of  such  storms  indicates  that  short- 
time  intense  precipitation  may  occur  during  the  sum- 
mer in  an}'  part  of  the  basin,  and  in  any  one  year  it  is 
almost  as  likely  to  occur  on  the  Dakota  side  as  on 
Minnesota.  It  is  desirable,  therefore,  that  the  con- 
servation program  involve  also  storage  in  the  western 
part  of  the  basin. 

On  the  western  side  of  the  basin  the  best  opportmii- 
ties  for  water  storage  lie  on  the  Sheyenne  and  the  Pem- 
bina Rivers.  Each  of  these  streams  emerges  from 
the  Dakota  High  Plains  through  relatively  narrow 
valleys  in  which  satisfactory  dam  sites  appear  to  exist. 
Above  these  sites  the  streams  have  relatively  large 
drainage  basins  and  in  spite  of  the  low  precipitation 
their  annual  discharge  is  considerable.  There  is  also 
a  storage  possibility  on  the  Goose  River  where  the 
drainage  basin  is  comparatively  small. 

On  the  Minnesota  side  effective  storage  can  also  be 
developed  in  material  amounts  through  regulation  of 
the  outflow  of  small  lakes  near  the  headwaters  of  the 


Minnesota  Wild  Rice,  the  Buffalo  and  the  Clearwater. 
Suggested  studies  may  also  indicate  jDropriety  of  con- 
structing artificial  storage  reservoirs  in  these  valleys 
at  pomts  somewhat  farther  downstream  than  the  nat- 
ural lake  outlets. 

Otter  Tall-Pelican  Lake  Storage  Proposal. — The  con- 
servation of  water  in  the  Otter  Tail  basin  should  be 
carried  out  in  the  immediate  future.  The  cost  of  this 
project  is  relatively  small. 

A  proper  regidation  progi'am  for  the  many  lakes 
will  be  flexible  in  character,  and  the  project  has  the 
further  unusual  advantage  of  combining  surface  stor- 
age with  subsurface  storage.  These  lakes  are  to  some 
degi'ee  "floating"  on  the  groundwater  table  of  the  very 
extensive  sands  and  gravel  formations  on  which  they 
are  located ;  the  raising  of  lake  levels  and  the  holding 
of  the  lakes  at  their  normal  high  levels  as  long  as  pos- 
sible will  unquestionably  result  m  the  percolation  of 
a  considerable  jDart  of  the  surface  water  and  the  rais- 
ing of  the  ground  water  table  over  a  very  large  area. 

While  this  natural  percolation  will  result  in  great 
losses  from  the  surface  water  during  the  first  year  or 
two,  it  is  expected  that  a  considerable  part  of  the 
water  lost  to  subsurface  storage  will  reappear  naturally 
as  seepage  to  stream  flow,  and  to  this  extent  improved 
stream  flow  regulation  will  be  to  some  degree  auto- 
matic. It  is  also  probable  that  the  increased  outflow 
from  this  aquifer  to  the  headwaters  of  other  streams 
such  as  the  Minnesota  Wild  Rice,  the  Buffalo,  and  the 
Clearwater  will  naturally  improve  the  characteristics 
of  those  streams,  and  through  them  be  effective  in  the 
improvement  of  the  Red  River  flow. 

The  other  marked  advantage  of  the  Otter  Tail  project 
is  that  to  the  extent  that  water  is  stored  underground 
it  will  not  be  subject  to  evajjoration  from  water  sur- 
faces and,  while  transpiration  losses  may  be  increased 
somewhat  on  account  of  the  elevation  of  the  water 
table,  the  over-all  efficiency  of  the  subsurface  storage 
should  be  greater  than  that  of  lake  storage. 

A  progi-am  of  installation  of  lake  outlet  control 
dams  has  been  under  way  for  the  past  2  years  and  a 
number  of  installations  have  been  completed.  The 
completion  of  the  program  of  lake  control  structures 
involves  the  installation  of  about  50  dams  at  the  out- 
lets of  the  lakes  of  the  Otter  Tail  and  Pelican  chains. 
These  dams  will  provide  additional  storage  on  these 
lakes  of  nearly  350,000  acre-feet  and  with  projects  al- 
ready complete  will  bring  up  the  additional  storage 
available  in  the  two  chains  to  about  500,000  acre-feet. 

These  figures  do  not  represent  stored  water  that  will 
be  effective  for  release  to  improve  stream  flow,  a  mat- 
ter which  is  analyzed  in  further  detail  in  appendix  A. 
The  system  of  operation  proposed  in  these  studies 
treats  Otter  Tail  Lake  as  the  primary  storage  reservoir 
and  considers  the  upper  lakes  of  the  Otter  Tail  chain  as 
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secondary  storage  basins  from  whicli  water  is  released 
to  permit  the  functioning  of  Otter  Tail  Luke  as  pro- 
posed. 

During  the  drought  period  the  range  in  levels  of 
Otter  Tail  Lake  was  only  nine-tenths  feet.  The  oper- 
ating proposal  presented  increases  this  to  4  feet  for 
extreme  emergency  conditions.  Under  this  proposal 
the  ordinary  maximvnn  higli  levels  would  be  held  at 
elevation  1,320.5.  But  during  extreme  flood  inflows 
the  level  may  be  raised  to  1,322  if  necessary,  which  was 
the  high  water  of  1897.  Tlio  hike  will  be  drawn  down 
below  l,3ii0..">  sparingly  and  depending  upon  the  stor- 
age available  in  the  upper  lakes  of  the  chain.  During 
ordinary  dry  years  it  is  expected  that  the  draw-down 
will  be  as  low  as  1,319  and  for  extreme  drought  condi- 
tions might  be  1,316.5,  which  is  approximately  the  nat- 
ural exti-eme  low  level  under  the  conditions  that  have 
recently  prevailed. 

The  studies  indicate  that  the  storage  range  proposed 
would  have  permitted  a  continuous  discharge  of  about 
23  second-feet,  and  this  amount,  if  released  in  a  way  to 
supply  deficiencies  at  Fargo,  would  have  produced  a 
dependable  flow  at  tliat  point  of  35  second-feet  subject, 
however,  to  losses  from  stream  flow  while  tlie  water  is 
in  transit.  Except  during  drouth  periods  it  is  expected 
that  satisfactory  stream  flow  regulation  can  be  secured 
with  a  range  on  Otter  Tail  Lake  of  not  more  than  2  feet 
with  a  possible  increase  of  this  range  to  3  feet  during 
single  extremely  dry  years,  and  with  the  use  of  the  full 
4- foot  range  at  the  end  of  extended  drouth  periods. 

Lakes  of  the  Pelican  chain  have  not  been  analyzed 
for  operation  in  such  detail.  The  studies  indicate  that 
for  the  purpose  of  producing  effective  storage  for  re- 
lease during  drouth  periods  the  regulation  of  Otter  Tail 
Lake  will  provide  such  storage  to  the  extent  of  45,700 
acre-feet,  and  that  even  in  dry  years  the  control  of  the 
upper  lakes  of  the  chain  will  materially  increase  the 
effective  storage,  possibly  as  nuich  as  20.000  or  more 
acre-feet.  Preliminary  examination  indicates  that 
under  a  similar  condition,  the  effective  storage  on  the 
Pelican  chain  would  be  in  excess  of  25,000  acre-feet. 
With  an  allowance  of  from  10  to  20  second-feet  for 
losses  in  transit,  it  is  believed  that  the  proper  use  of 
this  stored  water  can  assure  a  minimum  flow  at  Fargo, 
during  drouth  periods,  of  50  second- feet  with  possibly 
some  reduction  at  the  end  of  a  long  extended  drouth. 
It  appears  that  this  can  be  further  assured  wlien  addi- 
tional control  dams  have  been  installed  on  a  nmnber  of 
lakes  in  the  chain  not  included  in  the  group  I  project 
and  when  the  regulation  has  been  made  more  effec- 
tive by  the  improvement  of  the  channels  connecting  the 
various  upper  lakes  of  the  chain. 

Red  Lake  Water  Storage  Project. — The  Red  Lake 
project  is  highly  meritorious  because  of  the  great 
amount  of  storage  that  can  be  secured  by  relatively 


small  change  in  lake  levels.  The  computations  in  ap- 
pendix A  indicate  somewhat  surprisingly  that  regu- 
lated stream  flow  in  the  Red  Lake  River  could  have  been 
secured  during  the  drouth  period  to  the  extent  of  100 
second-feet  with  no  more  lowering  of  lake  level  than 
actually  occurred  on  account  of  the  unregulated  out- 
flow. This  project,  therefore,  combines  improved  sta- 
bilization of  lake  levels  with  improved  low-water 
stream  flow. 

The  storage  phase  of  the  Red  Lake  project  requires 
only  a  moderate  expenditure  to  carry  out  some  recon- 
struction of  the  Red  Lake  outlet  dam  and  control 
works.  The  operation  of  this  project,  however,  will 
involve  an  agreement  with  the  Indian  authorities  of 
the  Red  Lake  reservation  who  have  until  recently  re- 
sisted proposals  for  release  of  water  from  Red  Lake 
during  dry  weather  on  the  assimiption  that  this  would 
materially  affect  the  value  of  the  lake  for  fishing  and 
for  the  cultivation  of  wild  rice  along  the  borders.  It 
should  be  possible  to  show  these  authorities  that  the 
proposed  regulation  will  actually  be  beneficial  to  their 
interests.  The  figures  in  appendix  A  show  quite  clearly 
that  the  withdrawal  required  from  Red  Lake  to 
produce  a  dejjendable  flow  of  100  second-feet  in  the 
Lower  Red  Lake  River  would  be  equivalent  to  not 
more  than  an  inch  and  a  half  in  depth  over  the  lake 
surface,  an  amount  quite  trivial  when  compared  with 
very  high  losses  from  evaporation.  On  the  other  hand 
a  properly  operated  control  of  the  spring  outflow 
should  result  in  a  much  more  stable  level  than  has 
heretofore  maintained.  There  appears  to  be  no  reason 
why  a  satisfactory  operating  program  cannot  be 
agreed  upon. 

Sheyenne  River  Projects. — The  report  of  the  United 
States  Engineer  Corps,  previously  referred  to,  sets  out 
some  studies  for  the  construction  of  dams  on  the  Shey- 
enne River,  one  of  which  is  usually  referred  to  as  the 
Baldhill  site,  and  at  a  site  just  above  Valley  City. 
It  is  shown  that  the  dam  at  Sheyenne  controls  too  small 
drainage  basins  to  develop  a  definite  water  supply  for 
carrying  over  during  drouth  months.  It  would,  how- 
ever, be  of  value  for  annual  regulation  and  of  benefit  to 
the  Upper  Sheyenne  Valley.  The  Baldhill  proposal  is 
a  large  drainage  basin,  and  a  high  dam  can  be  satisfac- 
torily constructed  at  this  point.  The  Corps  of  Engi- 
neers has  recently  completed  a  resurvey  of  the  Bald- 
hill Dam  including  the  making  of  test  borings,  and 
a  complete  report  on  the  proposed  dam  and  reservoir 
is  being  prepared.  It  seems  probable  that  a  somewhat 
smaller  dam  than  that  originally  proposed  could  have 
been  operated  throughout  the  drouth  period  to  pro- 
duce a  regulated  flow  at  West  Fargo  of  at  least  50 
second-feet,  and  a  very  satisfactory  water  supply  and 
sanitary  condition  in  the  vicinity  of  Valley  City.  The 
Baldhill  proposal,  while  much  higher  as  to  cost  of 
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water  stored  than  the  Otter  Tail  and  Red  Lake  proj- 
ects, is  definitely  important  to  the  water  plan  as  a 
whole.  It  appears  possible  that  the  proposal  may  even- 
tually be  extended  to  include  the  installation  of  hy- 
dro-electric power  production. 

Pembina  River  Project. — Preliminary  surveys  have 
been  made  by  the  engineering  division  of  the  Federal 
Emergency  Relief  Administration  of  North  Dakota 
of  a  dam  site  on  the  Pembina  above  Walhalla.  While 
no  hydraulic  computations  have  been  prepared,  it 
seems  probable  that  a  project  iiere  would  be  of  about 
the  same  order  as  the  Baldhill  project  on  the  Shej'enne. 
For  water  conservation  it  would  be  of  value  only  to 
the  towns  of  Walhalla,  Neche,  and  Pembina,  having 
an  aggregate  population  of  1,752,  and  its  principal 
importance  is  in  connection  with  flood  flow  correc- 
tions; it  will,  however,  materially  improve  low  water 
flows  north  of  the  international  border.  It  is  dis- 
cussed further  in  connection  with  flood  correction. 

Goose  River  Project. — Proposal  for  water  storage  on 
the  Goose  River  has  been  only  tentatively  examined 
and  requires  further  study.  There  is  a  definite  need  for 
a  regulated  flow  in  the  Goose  River  for  purposes  of 
municipal  supply  and  sewage  dilution  at  the  towns  of 
Portland,  Mayville,  and  Hillsboro.  These  towns  have 
an  aggregate  population  of  3,016  and  have  an  acute 
water  problem  particularly  at  Hillsboro  where  a  seri- 
ous health  hazard  exists  due  to  insufficient  water  for 
sewage  dilution.  A  reservoir  on  the  Goose  River 
would  supplement  other  projects  in  providing  an  ade- 
quate low  water  flow  in  the  Red  River  at  Grand  Forks. 

Tongue  River  Project. — Preliminary  investigations 
have  been  made  of  a  medium-sized  storage  reservoir 
on  the  Tongue  River  west  of  Cavalier  for  purposes  of 
stream  flow  regulation.  A  regulated  flow  is  needed  in 
the  Tongue  River  for  purposes  of  water  supply  and 
sewage  disposal  for  Cavalier  and  one  or  two  other 
towns  downstream.  An  alternate  plan  of  providing 
a  regulated  flow  in  the  Tongue  River  would  be  diver- 
sion from  the  Pembina  Reservoir.  Both  these  possi- 
bilities should  be  thoroughly  investigated. 

Aggregate  Effect  of  Water  Conservation  Proposals 
on  Stream  Flow. — It  should  be  understood  that  the 
conservation  i^rojects  outlined  are  not  expected  to  be 
effective  to  the  extent  shown  except  as  they  may  have 
been  in  service  during  a  wet  cycle  and  so  have  maxi- 
mum possible  stored  water  available  at  the  beginning 
of  a  drouth.  To  the  extent  that  they  are  carried  out 
during  the  next  year  or  two  their  immediate  effective- 
ness will  be  largely  dependent  upon  the  amount  of 
water  available  for  storage  at  the  time  of  the  spring 
break-up.  However,  even  during  recent  drouth  years 
it  M-ould  have  been  possible  to  have  conserved  avail- 
able water  of  the  early  months  to  an  extent  that  the 


extremely  critical  conditions  which  occurred  in  the  late 
summer  and  fall  months  would  have  been  avoided. 

The  Otter  Tail  i^roject  if  developed  as  to  the  50  lakes 
contained  in  its  initial  and  principal  stage  should  pro- 
vide a  dependable  flow  at  Fargo  of  at  least  25  second- 
feet  even  though  some  jihase  of  the  drouth  persists  for 
several  years,  and  the  Otter  Tail  project  developed  to 
this  extent  should  produce  dependable  stream  flow  of 
50  second-feet  at  Fargo  after  several  consecutive  years 
of  at  least  normal  precipitation.  Its  ultimate  develop- 
ment should  appreciably  increase  this  amount. 

It  is  clear  that  this  project  alone  will  not  result  in 
securing  satisfactory  minimum  flows  at  Fargo  and  it 
is  essential  that  the  Baldhill  project  on  the  Sheyenne 
be  executed  as  soon  as  possible.  This  project  if  put  in 
sci-vice  during  dry  years  will  be  even  less  effective 
than  the  Otter  Tail  in  developing  the  flow  ultimately 
required,  but  even  in  dry  years  sufficient  water  could 
be  stored  to  provide  further  insurance  against  stream 
shortages  at  and  below  Fargo.  (This  assumes  the  pro- 
vision of  the  dry  weather  diversion  channel  from  the 
Sheyenne  to  the  Red  River  above  Fargo.) 

The  combined  effects  of  the  Otter  Tail  and  Baldhill 
projects,  when  fully  operative  under  conditions  out- 
lined, would  guarantee  a  regulated  stream  flow  at 
Fargo  of  approximately  the  amount  shown  in  the  pre- 
ceding table,  that  is,  an  average  of  about  100  second- 
feet  with,  however,  the  same  qualification  that  has  been 
set  out  above  with  regard  to  the  last  years  of  a  long 
drouth  period. 

In  the  last  section  of  appendix  A,  Mr.  Meyer  has 
made  an  analysis  with  regard  to  the  possibilities  of 
producing  a  minimum  flow  of  200  second-feet  at  Grand 
Forks  using  only  the  Otter  Tail  and  Red  Lake  projects. 
In  this  instance  the  200  second-feet  at  Grand  Forks 
was  taken  as  representative  of  conditions  at  the  end 
of  an  extreme  drouth  period.  His  studies  indicate 
that  the  operation  of  these  two  projects  would  still 
leave  a  remaining  deficiency  below  the  200  second-foot 
flow  in  an  amount  of  about  590  second-foot-months 
equivalent  to  approximately  20  second-feet  of  continu- 
ous discharge  and  he  shows  that  this  might  have  been 
supplied  by  an  emergency  withdrawal  from  low  water 
storage  in  the  proposed  Lake  Traverse  project  of  about 
2  feet,  which  withdrawal  would  also  have  been  effec- 
tive at  Fargo,  or  by  withdrawal  of  an  additional  li/^ 
inches  from  Red  Lake. 

This  study  did  not  take  into  account  the  flow  from 
the  proposed  Baldhill  project,  but  indicates  that  with 
that  project  in  service  a  minimum  of  about  230  second- 
feet  could  have  been  secured. 

This  study  indicates  further  the  ultimate  necessity 
for  the  development  of  additional  water  conservation 
projects  as  for  example  those  on  the  Minnesota  Wild 
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Rice,  Buffalo,  and  Clearwater  Rivers  and  on  the  Goose 
River,  if  studies  determine  their  practicability.  It 
seems  probai)le  that,  witli  certain  of  these  projects  in 
service  and  with  the  full  tlevelopment  of  the  lakes  of 
the  iippei-  Ottei-  Tail  chain,  the  desirable  fli)\vs  shown  in 
the  precetling  table  can  be  made  dependable  with  pos- 
sibly an  occasional  short  time  draft  from  Lake 
Traverse. 

2.  Transportation  of  Water 
as  Regulated  Stream  Flow 

The  projected  water  storage  sites  are  at  relatively 
great  distance  from  tlie  points  on  the  stream  where 
dependable  stream  flow  is  required.  The  mere  release 
at  certain  rates  from  the  reservoirs  will  not  necessarily 
produce  the  results  desired.  Except  for  the  lower  part 
of  the  Otter  Tail  River  and  the  middle  sections  of  the 
Red  Lake  River,  all  of  the  streams  have  flat  profiles 
and  sluggish  flow.  The  present  low  water  channels, 
when  conveying  the  amount  of  water  discussed  here, 
will  be  wide  and  the  velocity  low.  Even  under  the  best 
conditions  this  operation  will  expose  a  very  large  sur- 
face to  evaporation  losses,  and  in  critically  dry  years 
percolation  from  stream  flow  may  be  material. 

For  the  operation  of  the  water-supply  program  the 
best  possible  low-water  stream  channels  must  be  pro- 
vided and  maintained.  The  importance  of  this  part  of 
the  project  has  been  well  illustrated  during  the  drouth 
by  the  differences  between  the  6  weeks  required  for  the 
Otter  Tail  Lake  water  to  i-each  Fargo  under  bad  chan- 
nel conditions  as  compared  to  the  11  days  required  after 
the  channel  had  been  cleaned  somewhat  muler  emerg- 
ency conditions. 

Mr.  Charles  L.  Batchelder,  district  engineer,  United 
States  Geological  Survey,  has  made  an  analysis  of 
stream  flow  in  the  Otter  Tail  and  Red  River  channels 
during  the  dry  months  of  the  year,  and  by  com{)arison 
between  discharges  at  various  stations,  has  secured  a 
rough  approximation  of  the  probable  losses  from 
stream  flow  resulting  in  some  degree  from  pei'colation 
in  the  stream  bed,  but  apparently  to  a  much  greater 
extent  from  evaporation  and  transpiration  from  the 
wide  shallow  overgrown  low  water  channels.  His 
memorandimi  is  attached  lieieto  as  appendix  C.  It 
will  be  noted  that  losses  in  the  Otter  Tail  and  Red 
Rivers  between  Breckenridge  and  Fargo  have  been  as 
high  as  28  cubic  feet  per  second. 

For  each  of  the  projects  involving  water  storage  at 
a  distance  from  the  large  cities,  it  is  proposed  that  an 
efficient  low  water  channel  be  excavated  in  the  stream 
bed.  In  general  these  channels  should  be  cut  through 
the  bars  and  along  the  flat  reaches  and  should  be  of 
such  width  and  depth  as  to  permit  the  water  to  flow 
at  the  best  possilde  velocity  and  to  be  delivered  accord- 
ingly at  the  points  of  use  in  the  shortest  possible  elapsed 


time.  The  total  mileage  of  such  channels  is  very  con- 
siderable but  their  cost  poi-  foot  for  original  construc- 
tion is  relatively  small.  The  greatest  problem  will  be 
lliat  of  maintaining  channels  after  construction  in  good 
contlition;  undoubtedly  there  will  be  necessity  for  re- 
excavating  |)ortions  of  them  after  the  occurrence  of 
floods.  Necessary  maintenance  can  only  be  assured  if 
an  authority  is  set  up  definitely  charged  with  the 
responsibility  and  a<lequately  supported  financially. 

The  most  urgently  needed  low  water  channel  im- 
provement is  that  for  the  Red  Lake  River  between  Red 
Lake  outlet  and  High  Landing.  Throughout  the 
greater  part  of  this  distance  Red  Lake  River  meanders 
through  a  drained  peat  marsh  and  there  is  ahnost  an 
entire  absence  of  any  definite  low  Mater  channel;  in 
consequence  water  released  from  Red  Lake  spreads 
widely  and  the  losses  are  tremendous.  A  small  emer- 
gency channel  was  constructed  along  this  reach  in  19:34 
with  relief  labor  but  it  was  little  more  than  a  scratch 
in  the  dried  marsh  and  much  more  adetpiate  construc- 
tion is  recpiired  to  i)erniit  of  satisfactory  maintenance. 
The  specific  proposal  for  this  part  of  the  project  in- 
volves also  a  more  ample  channel  construction  to  per- 
mit of  passing  satisfactorily  the  heavier  spring  flood 
flows  originating  in  this  section,  as  well  as  those  that 
\\\\\  be  released  fiom  Red  Lake  to  prevent  it  rising  to 
unsatisfactorily  high  levels. 

The  channel  required  along  the  Otter  Tail  River  be- 
low Otter  Tail  Lake  and  along  the  Red  River  down  to 
Fargo  is  of  equal  importanct  although  the  present  low 
water  channel  is  not  quite  so  unsatisfactory  as  that  de- 
scribed above  on  Red  Lake  River.  Along  a  part  of  the 
Otter  Tail  River  below  Otter  Tail  Lake  the  out-flow 
from  the  lake  has  been  sufficient  to  permit  a  narrow 
marsh  to  persist.  This  marsh  has  supported  wildlife  in 
a  small  way  and  the  Bureau  of  Biological  Survey  de- 
sires continuance  of  this  marsh  condition.  This  may 
be  found  feasible  possibly  through  the  construction  of 
small  levees  along  the  proposed  low  water  channel  and 
with  the  definite  released  supply  of  some  water  to  the 
adjacent  marshes.  However,  during  extreme  drouth 
periods  sufficient  water  may  not  be  available  over  and 
I'.bove  the  needs  for  hmnan  consumption  satisfactorily 
to  maintain  these  small  marshes  and  it  may  even- 
tually be  found  best  to  transfer  this  minor  wildlife 
conservation  activity  to  some  other  area  where  the 
Hicompatibility  of  uses  may  not  be  so  critical. 

Eventually  improved  low  water  channels  will  be  re- 
quired for  ])arts  of  the  Red  Lake  River  below  High 
Landing  and  will  be  definitely  recpiired  in  the  Sheyenne 
below  Bardhill  if  a  leservoir  is  created  at  that  point. 
It  is  proposed  also  that  a  low  water  diversion  channel 
be  constructed  from  a  point  on  the  Sheyenne  in  south- 
ern Cass  County  to  a  point  of  the  Dakota  Wild  Rice 
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River  in  order  that  a  part  of  the  regulated  flow  of  tlie 
Baldhill  Reservoir  may  be  made  available  in  the  Red 
River  above  Fargo  and  Moorhead. 

3.  Dams  in  the  Stream  Channels 

Dams  in  the  Main  Streams  Prohibited. — During  the 
drouth  period  in  which  a  great  number  of  streams 
have  been  dry  for  part  of  the  year  there  has  been  a 
strong  demand  for  construction  of  small  dams  in  the 
channels  of  streams  in  order  to  catch  and  hold  some 
water  from  spring  flood  flows  and  from  summer  storms 
at  points  where  it  was  needed  for  municipal  supplies, 
recreation,  or  for  stock  watering. 

The  small  reservoirs  so  created  are  quite  different 
in  character  from  natural  lakes.  Whi'e  the  advantage 
of  such  construction  to  the  particular  areas  suffering 
for  lack  of  water  appeared  to  be  obvious  and  while 
tlie  construction  of  such  dams  has  served  a  useful 
emergency  purpose,  any  further  expansion  of  this  pro- 
gram must  be  undertaken  only  after  careful  analysis. 

These  dams  are  objectionable  fi'om  the  viewpoint  of 
the  long-range  water  plan  in  two  important  respects: 

(a)  The  impounding  of  water  at  small  depths  in- 
creases tremendously  the  already  critical  losses  of 
water  by  evaporation  and  an  over-extension  of  this 
program  will,  in  many  cases,  result  in  dissipating  all 
of  the  i^ossible  spring  flow  in  this  way  and  definitely 
deprive  the  towns  down  stream  from  such  a  system  of 
the  small  continuous  stream  flows  that  otherwise  might 
occur. 

(6)  Wliere  such  channel  dams  are  of  appreciable 
height  and  where  the  resulting  lakes  in  the  streambed 
occupy  a  considerable  part  of  the  volume  of  the  stream- 
bed  these  dams  will,  in  wet  years,  act  appreciably  to 
increase  flood  flows  and  flood  damage.  This  condition 
is  not  generally  apparent  to  the  laj'man  as  it  may 
appear  that  the  dam  itself  is  a  relatively  small  ob- 
struction in  the  stream.  Actually,  the  increased  flood 
flows  are  not  so  much  the  result  of  the  obstruction 
from  the  dam  as  they  are  due  to  the  fact  that  with 
the  dam  in  place  and  the  lake  created  behind  it  the 
bed  of  the  stream  is  already  appreciably  occupied 
when  the  flood  comes  down.  Consequently,  the  flood 
flow  is  not  diminished  through  the  necessity  of  filling 
up  the  valley  as  it  would  be  in  the  state  of  nature,  but 
passes  on  down  the  stream  in  full  volume. 

It  should  be  apparent  that  when  regulated  stream 
flow  has  been  secured  and  the  stream  passes  such  points 
in  considerable  and  dependable  volumes,  the  need  of 
those  dams  largely  disappears. 

From  the  above  considerations  it  is  apparent  that  no 
additional  dams  should  be  constructed  in  the  channels 
of  those  streams  used  to  transport  the  principal  water 
supply  from  the  effective  storage  areas  to  the  cities 


for  which  the  supply  is  intended.  There  should  be  a 
definite  prohibition  against  such  construction  on  the 
Otter  Tail  River,  on  the  Red  River  below  the  Otter  Tail, 
on  the  Sheyenne  below  Valley  City,  and  on  the  Red 
Lake  River.  On  all  of  these  streams  the  only  dams 
permissible  should  be  those  required  for  municipal 
water  supply  intakes  and  even  these  should  be  re- 
stricted to  relatively  small  heights,  providing  a  few 
days'  local  storage.  An  exception  to  this  rule  would 
apply  to  a  diversion  dam  in  the  She3^enne  in  order  to 
divert  low-water  flow  to  the  Red  River  above  Fargo 
and  an  exception  could  also  be  made  as  to  dams  on  the 
steeper  section  of  the  Otter  Tail  for  water  power  pur- 
poses where  the  storage  would  be  of  good  average 
depth. 

Wlienever  a  dependable  stream  flow  is  secured,  exist- 
ing channel  dams  should  be  removed  as  far  as  possible 
and  others  might  be  reduced  in  height. 

Dams  on  Other  Streams  Encouraged. — The  above 
discussion  relates  to  those  dams  that  would  not  only 
be  useless  in  a  desirable  conservation  plan,  but  which 
would,  on  the  contrary,  definitely  operate  to  dissipate 
part  of  the  water  supply.  For  those  streams  not  use- 
ful as  jDrincipal  transportation  channels  for  the  con- 
veyance of  stored  water  and  particularly  for  those 
streams  which  are  normally  dry  during  the  latter  part 
of  the  year  a  program  of  construction  of  small  dams 
is  definitely  desirable.  These  dams  would  store  water 
available  in  the  streams  during  the  spring  months  and 
would  fall  in  the  two  j^rincipal  classes. 

The  first  class  would  include  dams  of  considerable 
size  at  points  on  the  stream  wliere  the  run-off  from 
the  basin  would  assure  their  being  filled  up  to  the  mid- 
sununer  period.  These  dams  would  be  equipped  with 
properly  controlled  outlets  that  would  permit  the  re- 
lease of  stored  water  in  a  small  way  to  maintain  stream 
flow  during  the  late  sunimer  and  fall.  Some  of  these 
would  act  to  contribute  an  appreciable  amount  of  water 
to  the  flow  in  the  Red  River,  others  would  be  effec- 
tive principally  to  maintain  some  water  in  their  own 
substreams,  and  many  would  be  useful  as  a  source  of 
water  supply  for  the  smaller  cities  and  towns. 

The  second  class  would  include  a  large  number  of 
much  smaller  structures  located  well  up  on  the  small 
tributaries  and  need  not  necessarily  be  equipped  with 
outlet  controls.  They  would  primarily  be  useful  for 
stock  watering  and  for  rural  water  supply  in  their  im- 
mediate vicinity  and  would  be  useful  to  that  extent 
throughout  the  year  only  in  years  of  normal  or  super- 
normal preciijitation.  During  dry  years  they  would 
probably  not  be  effective  for  this  purpose  beyond  the 
month  of  July. 

The  program  of  dam  construction  of  either  of  the 
above  classes  requires  careful  supervision,  not  only  as 
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to  their  location  and  size  but  to  insure  sound  engineer- 
ing in  construction  and  tlie  provision  of  adequate 
spillways. 

4.  Subsurface  Water  for  Small 
Town  and  Rural  Supplies 

Most  of  the  small  towns  of  the  valley  now  secure 
tlieir  water  supply  from  wells  and  practically  all  of  the 
rural  supplies  arc  from  such  sources.  This  situation  is 
discussed  in  some  detail  in  the  various  subbasin  reports. 
The  information  there  presented  indicates  that  there 
has  been  a  general  lowering  of  ground  water  over  a 
large  part  of  the  basin,  that  the  yield  of  a  great  number 
of  the  wells  has  been  greatly  reduced  and  many  have 
become  dry. 

For  2)arts  of  the  area  where  no  other  source  of  sup- 
ply can  be  made  available,  it  is  essential  that  meas- 
ures be  taken  to  restore  the  ground-water  levels  so  far  as 
this  may  be  practical.  To  the  extent  that  levels  may 
have  been  permanently  lowered,  a  general  program  of 
deepening  of  individual  wells  will  be  necessary. 

For  the  southeastern  section  of  the  basin  the  general 
program  of  water  conservation  outlined  in  the  first  sec- 
tion of  this  report  may  be  expected  appreciably  to  im- 
prove subsurface  supplies.  In  isolated  sections  where 
wells  penetrate  lenses  in  the  lacustrine  deposits,  a  gen- 
eral improvement  in  levels  may  be  expected  as  part 
of  the  general  recovery  from  the  drouth.  In  some  in- 
stances this  improvement  may  be  accelerated  by  the 
program  of  small  storage  dams  and  the  resultant  per- 
colation of  impounded  surface  water  to  the  ground- 
water table.  Apparently  a  large  number  of  wells  have 
taken  water  from  isolated  and  relatively  small  areas 
of  sand  in  regions  of  otiierwise  tight  soil  and  for  these 
sections  small  impounded  surface  supplies  appear  to  be 
the  only  practical  remedy. 

The  tables  attached  to  the  subbasin  reports  show 
numerous  analyses  of  well  water.  Apparently  more 
than  tliree-fourths  of  the  subsurface  supply  is  of  un- 
satisfactory quality.  Quite  generally  the  mineral  con- 
tent is  far  above  desirable  water  standard  for  ho>ise- 
hold  use.  In  many  cases  it  is  so  high  in  sulphates  as  to 
be  unsatisfactory  for  any  purpose.  In  the  southwest- 
ern quarter  of  the  basin,  generally  in  the  subbasin  of 
the  Dakota  Wild  Rice  and  that  of  the  Sheyenne,  the 
water  contains  excessive  amounts  of  fluorides  resulting, 
in  some  sections,  in  a  nearly  endemic  condition  of 
"mottled  teeth"  among  children.  Where  this  occurs,  a 
replacement  of  the  supply  by  impounded  surface  water 
is  the  only  complete  remedy  although  experiments 
now  in  progress  indicate  that  the  removal  of  fluorides 
may  ultimately  be  commercially  practical  at  least  to 
the  extent  of  providing  small  amounts  of  fluoride-free 
water  for  drinking  purposes. 


The  situation  tlu-oughout  the  basin  with  regard  to 
subsurface  water  supply  is  so  definitely  unsatisfactory 
as  to  justify  its  becoming  a  major  part  of  the  long- 
range  plan  of  water  improvement.  This  requires  an 
investigational  project  which  should  be  organized  in 
three  principal  stages: 

First,  a  very  detailed  reexamination  of  subsurface 
water  throughout  the  basin  with  regard  to  both  quan- 
tity and  quality  and  a  determination  therefrom  as  to 
what  subsurface  supplies  may  be  made  dependable  in 
both  respects. 

Second,  for  those  areas  where  subsurface  M-ater  is 
not  subject  to  satisfactory  readjustment,  a  detailed  en- 
gineering investigation  of  the  best  means  of  providing 
impounded  surface  water  and  improved  stream  flow  in 
such  manner  and  in  such  locations  as  to  make  surface 
water  readily  available  to  supplant  the  unsatisfactory 
groundwater  sui)ply. 

Third,  in  order  to  bring  about  a  basin-wide  improve- 
ment in  small  town  and  rural  supplies  it  is  essential 
that  the  resiilts  of  the  investigation  above  be  made 
readily  available  to  the  small  town  and  rural  popula- 
tion. This  will  require  a  continuing  service  furnished 
joiaitly  by  the  State  geological  departments,  State 
water  engineers,  and  the  public  health  authorities, 
possibly  acting  in  cooperation  with  the  tri-State  water 
authority  recommended  elsewhere  in  this  report. 

As  all  of  the  principal  towns  are  located  either  on 
the  main  streams  for  which  a  satisfactory  imi)roved 
stream  flow  is  provided  in  the  proposal  under  topics 
1  and  2,  or  on  the  larger  lakes,  the  situation  outlined 
above  will  apply  only  to  the  smaller  towns  and  the 
lural  areas. 

5.  Stream  Pollution  Abatement 
and  Urban  Water  Supply 

The  proposals  set  out  in  topics  1  and  2  of  this  report 
should  make  available  stream  flow  in  the  principal 
rivers  in  an  amount  far  in  excess  of  the  municipal 
water  consumption,  the  recommended  amount  having 
been  determined  by  the  need  for  the  dilution  of  pollu- 
tional  wastes  and  not  by  the  aggregate  of  nmnicii^al 
water  works'  requirement. 

As  shown  in  topic  1,  the  recommended  minimum 
stream  flows  are  based  on  the  expectation  of  the  great- 
est possible  diminution  in  the  discharge  of  pollutional 
wastes.  Accordingly,  the  general  water  plan  for  the 
valley  involves,  as  an  essential  part,  treatment  of  do- 
mestic and  industrial  wastes  before  discharge  to  the 
streams. 

During  'the  recent  drouth  some  of  the  cities  have 
taken  advantage  of  Federal  grant  possibilities  and 
have  financed  and  constructed  sewage  treatment  works 
of  adequate  design,  others  are  still  discharging  raw 
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sewage.  Industrial  Avastes  are  being  discharged  in 
large  quantity  at  West  Fargo  and  at  Grand  Forks 
now,  and  to  a  minor  extent,  at  a  number  of  other 
places.  The  installation  of  higli-degree  treatment  for 
all  remaining  wastes  is  an  essential  part  of  a  long- 
range  water  plan  and  program  and  its  consummation 
should  be  definitely  guaranteed  before  large  sums  are 
expended  for  the  improvement  of  stream  flow.  The 
cities  and  towns  where  sewage  and  waste  treatment  are 
needed  are  shown  in  the  project  lists,  one  group  con- 
taining those  M'here  the  treatment  should  be  under- 
taken at  once,  and  in  a  second  group  those  cities  whose 
pollutional  effluents  would  not  immediately  affect  the 
water  supply  of  the  cities  in  a  serious  way  but  where, 
nevertheless,  the  pollution  should  be  abated  within 
relatively  a  few  years. 

This  criterion  api^lies  to  towns  even  as  small  as  500 
population,  except  that  where  certain  of  these  towns 
are  definitely  retrogressive  and  the  population  may  be 
expected  to  diminish  rapidly,  it  is  obviously  impracti- 
cal to  finance  high-grade  treatment  and  an  installation 
of  a  more  temporary  and  less  expensive  character 
seems  to  be  indicated. 

With  the  reduction  of  pollution  of  the  waters  of 
the  streams,  and  with  the  determination  of  adequate 
sources  of  water  supply,  the  further  installation  of 
\\aterworks  and  extension  of  water  facilities  may  be 
expected  to  proceed  rapidly.  Many  cities,  even  the 
small  ones,  will  ultimately  be  able  to  afford  a  water 
of  higher  quality  and  will  be  expected  to  undertake 
somewhat  more  expensive  processes  of  water  treatment 
including,  quite  generally,  water  softening. 

6.  Water  Areas  for  Recreation 
and  Wildlife  Conservation 

The  recreational  assets  provided  by  the  many  lakes 
of  the  Otter  Tail-Pelican  chain  have  already  been  men- 
tioned. It  has  been  shown  that  during  the  di'outli  pe- 
riod their  use  has  been  seriously  impaired  because  of 
the  recession  of  lake  levels  and  a  consequent  exposure 
of  muddy  and  unattractive  shore  lines  during  a  con- 
siderable part  of  the  summer  and  fall  season.  It  has 
already  been  shown  as  to  certain  of  the  lakes  that  their 
levels  could  be  controlled  to  an  extent  necessary  to  de- 
velop effectively  stored  water  and  at  the  same  time 
definitely  avoid  the  more  serious  fluctuations  which 
have  occurred. 

In  their  unregulated  state  these  lakes  often  rise  to 
unsatisfactorily  high  levels  during  the  late  spring  and 
because  of  the  unimpeded  outflow  rapidly  lower  to  un- 
desirably low  stages.  The  water  conservation  plan 
provides  for  a  type  of  operating  control  which  will 
greatly  increase  the  recreational  value  of  the  lakes  used 
for  storage  purposes.  While  this  condition  applies  to 
the  Otter  Tail-Pelican  chain  and  to  the  control  of  Red 


Lake,  there  seems  to  be  no  question  but  that  a  simi- 
lar operating  development  can  be  worked  out  for  a 
great  many  other  small  lakes,  some  of  which  have  ac- 
tually been  dry  during  a  considerable  part  of  the 
drouth  years. 

In  addition  to  the  recreational  and  wildlife  values 
which  will  result  from  the  stabilization  of  existing 
lakes,  the  plan  is  in  accord  with  proposals  for  the 
restoration  of  certain  marsh  and  lake  areas  which  here- 
tofore have  been  drained.  This  applies  particularly 
to  Mud  Lake  and  Thief  Lake  now  being  restored  by 
tlie  Biological  Survey  and  to  some  extent  to  the  restor- 
ation of  marsh  areas  along  the  divide  between  the 
Red  Lake  River  drainage  and  the  Lake  of  the  Woods 
drainage.  The  operation  of  the  Mud  Lake  and  Thief 
Lake  projects,  however,  should  provide  for  regulation 
and  should  permit  of  the  release  of  some  water  for 
lu-ban  use  under  extreme  emergency  conditions. 

The  largest  project  coming  under  tliis  general  head 
is  tliat  for  the  restoration  of  Lake  Traverse.  The 
characteristics  of  this  lake  have  been  described  in  de- 
tail in  the  Simons-King  report  already  offered  as  ref- 
erence. During  the  drouth  the  lake  practically  dried 
up.  Hydrologic  studies  which  have  been  carried  out 
indicate  that  with  the  construction  of  a  dam  at  the 
head  of  the  Bois  des  Sioux  it  should  be  possible  to 
restore  this  lake  during  a  wet  cycle  and  to  maintain 
it  throughout  a  5-year  drouth  period  similar  to  that 
of  the  last  5  years,  provided  no  water  is  witlidrawn 
from  the  lake  for  the  purpose  of  stream  flow  regula- 
tion. Because  this  is  the  only  possible  large  lake 
area  in  the  south-central  section  of  the  basin,  and  be- 
cause of  the  fine  possibilities  for  the  development  of 
wildlife  refuges  on  certain  of  the  lake  arms,  the  proj- 
ect ap23ears  to  be  particularly  desirable  and  should  be 
given  serious  consideration  provided  that  a  consider- 
able i^art  of  the  cost  can  be  charged  against  the  recre- 
ational and  wildlife  uses.  The  project  can  also  be 
developed  so  as  to  have  an  important  advantage  in  the 
correction  of  flood  flows  in  the  Red  River  and  is  dis- 
cussed further  under  that  head. 

On  the  Dakota  side  of  the  basin  there  is  a  marked 
absence  of  water  areas  for  recreational  use  and  the 
plan  contemplates  the  development  of  a  number  of 
small  lakes,  primarily  for  this  purpose,  in  locations 
where  tliey  will  not  seriously  interfere  with  the  major 
proposal  for  water  conservation  for  the  purpose  of 
sti'eam  flow  regulation.  All  proposals  for  such  recre- 
ational and  wildlife  lakes  on  the  Dakota  side  should 
lie  carefully  studied  in  this  leport. 

7.  Flood  Flow  Correction 

Studies  and  plans  for  the  reduction  of  the  flood  vol- 
umes and  of  resulting  flood  damages  have  been  carried 
out  in  the  past  for  various  parts  of  the  basin.     The 
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most  complete  and  imijortant  study  is  embodied  in  the 
Simons-King  report  of  1922  on  the  Red  TJiver  it- 
self. Other  stiulies  have  Iteen  made  for  (lie  Red  Luke 
River.  The  matter  is  complicated  l>y  the  interna- 
tional i)robleni  wliicli  re([uire(l  that  tliere  should  l)e 
appreciable  increase  in  Hood  volume  or  stage  at  the 
Canadian  border. 

The  Simons  and  King  report  presented  a  plan  of 
flood  reduction  involving  the  impounding  of  flood 
waters  behind  a  dam  in  Lake  Traveree,  the  diversion 
of  a  part  of  the  flood  flow  of  the  Dakota  Wild  Rice 
River  to  the  channel  of  tlie  Sheyenne  River,  and  the 
reduction  of  the  flood  heights  between  the  mouth  of 
the  Sheyenne  and  the  Canadian  border  by  partial 
clearing  of  the  flood  chamiel  and  the  removal  of  re- 
strictions, including  the  reconstruction  of  certain 
bridges. 

Another  study  has  been  carried  out  in  detail  by  the 
United  States  Geological  Survey,  for  the  International 
Boundary  Commission,  with  regard  to  floods  in  the 
Roseau  River. 

Justification  for  the  Lake  Traverse  flood  storage 
proposal  was  involved  primarily  by  the  reclamation 
of  wet  lands  along  the  Bois  des  Sioux,  on  wliich  the 
original  report  placed  a  benefit  of  $12  per  acre.  At 
the  present  time  the  values  of  the  lands  to  be  reclaimed 
are  low;  these  lands  are  largely  in  wild  hay  and  ap- 
parently could  not  stand  a  benefit  assessment  of  more 
than  $1  or  $2  per  acre  although  the  ultimate  benefit 
might  be  fixed  at  $5  per  acre.  The  lateral  drainage 
ditches  required  for  that  reclamation  are  not  now  jus- 
tified but  may  be  accepted  as  a  possible  part  of  a  long- 
range  plan. 

The  carrying  out  of  the  Lake  Traverse  project  as 
set  up  herein  involves  a  considerable  capacity  for  flood 
storage  and  this  project  could  be  effective  greatly  in 
reducing  the  frecpient  minor  floods  along  the  Bois  des 
Sioux;  it  will  not  prevent  tlie  infrequent  overflow  of 
these  lands  by  major  floods.  The  project  will  have 
some  minor  effect  in  reducing  flood  flows  in  the  Red 
River  below  Fargo  and  has  definite  value  in  the  flood 
correction  plan  as  a  whole.  It  cannot  be  justified  on 
the  basis  of  flood  correction  alone  but  is  definitely  de- 
sirable as  a  multiple-purpose  project  and  accordingly 
is  accepted  as  a  part  of  the  flood-control  plan. 

In  connection  with  the  water  conservation  plan  there 
is  proposed  a  reservoir  on  the  Sheyenne  below  Baldhill 
Creek.  This  reservoir,  if  built,  should  contain  capac- 
ity for  the  storage  of  flood  flows.  It  might  very  nearly 
regulate  the  flow  of  the  Sheyeiuie  and  remove  the  flood 
flows  of  the  Sheyenne  from  the  Red  River  except  for 
major  and  infrequent  floods. 

Tliere  is  no  possibility  of  impounding  flood  waters 
economically  on  the  Dakota  Wild  Rice  River  but  if 


the  reservoir  on  the  Sheyenne  is  built  the  diversion  of 
a  part  of  the  flood  flow  of  the  Wild  Rice  to  the  chan- 
nel of  the  Sheyenne,  as  recommended  by  Simons  and 
King,  will  be  of  considerable  value  in  reducing  the 
flood  plane  at  Fargo. 

The  regulation  of  the  lakes  of  the  Otter  Tail  River,  as 
proposed  under  the  water  plan,  will  slightly  reduce 
the  flood  flow  of  the  Otter  Tail  and,  in  a  small  degree, 
of  the  Red  River  itself. 

There  appears  to  be  a  possibility  for  the  construction 
of  multiple-purpose  dams  on  the  Minnesota  Wild  Rice. 
If  such  projects  appear  to  be  economically  justified  for 
water  conservation  they  will  also  have  appreciable  value 
in  flood  flow  correction. 

The  regulation  of  the  Red  Lake  River  flow,  as  pro- 
posed for  water  conservation,  fits  in  satisfactorily  with 
a  flow-control  jilan  and  an  appreciable  part  of  the  cost 
of  this  regulation  can  be  charged  against  benefits 
in  flood  correction.  Full  development  of  the  Red  Lake 
River  foi'  flood  protection  will  recpiire  some  additional 
leveeing  in  the  vicinity  of  certain  cities  in  the  lower 
part  of  the  valley. 

There  appears  to  be  a  possibility  for  the  storage  of 
Mater  on  the  Pembina  River  just  above  Waliialla.  If 
this  project  is  developed  it  may  be  so  designed  as  to 
have  a  definite  flood  control  benefit  for  the  lands  along 
the  Pembina  itself.  As  the  Pembina  discharges  into 
the  Red  River  at  the  Canadian  border  a  reduction  of 
flood  flow  of  this  tributary  will  produce  a  lowering  of 
the  flood  plane  of  the  Red  River  in  the  United  States 
only  through  reduction  of  stage  in  Canada. 

The  character  of  the  flood  danuige  in  the  Roseau 
River  Basin  is  unusual  and  peculiar  and  of  such  fre- 
quency as  to  justify  a  considerable  expenditure  for 
correction.  The  Roseau  Rivei-  jii'oject,  as  set  up  here, 
is  largely  independent  of  the  Red  River  problem  as  a 
whole,  but  a  diversion  of  its  flood  water  directly  to  the 
Red  River  through  Two  Rivers  will  re([uire  conqjcnsa- 
tion  by  reduction  of  flood  flows  from  other  tributaries, 
possibly  from  the  Pembina. 

The  floodway  of  the  Red  River  at  and  below  Fargo 
is  seriously  impeded  at  certain  points  Ijy  bridges,  and 
throughout  its  length  by  heavy  timber.  The  condition 
of  the  overhanging  trees  along  tliis  stream  has  a  de- 
sirable effect  in  shading  the  Red  River  channel  and  in 
inhibiting  the  growth  of  woods  and  willows  in  the 
streams.  However,  when  the  low  water  flow  in  the 
Red  River  has  been  increased  through  regulation  as 
proposed  in  this  plan,  advantage  of  a  shaded  channel 
will  be  less  imimrtant.  The  flood  correction  plan  in- 
volves the  clearing  of  heavy  timber  within  the  high- 
water  channel  of  the  Red  River  for  a  distance  of  30 
feet  back  from  the  water's  edge  on  each  side. 

Sumrnarij. — The  plan  of  flood-flow  correction  pro- 
posed in  this  rejaort  follows  generally  that  which  was 
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studied  in  detail  in  the  Simons-King  report,  but  with 
important  exceptions  as  follows: 

(a)  The  Lake  Traverse  project  is  now  proposed  as  a 
multipurpose  project  for  recreation,  wildlife  conserva- 
tion and,  to  a  minor  degree,  water  conservation  for 
stream-flow  regulation  and  a  considerably  smaller  por- 
tion of  the  capacity  is  assigned  to  flood-flow  retention 
than  was  originally  proposed.  As  a  result  of  tliis  it 
will  protect  the  lands  along  the  Bois  des  Sioux  from 
the  smaller  floods  and  will  reduce  the  frequency  of 
flooding,  but  will  give  very  slight  protection  against 
great  and  infrequent  floods.  In  accordance  with  this 
plan  the  outlet  channel  along  the  Bois  des  Sioux  is 
made  appreciably  smaller  than  originally  proposed,  be- 
ing given  a  capacity  of  about  500  cubic  feet  per  second. 

{b)  The  inclusion  of  the  water  conservation  reser- 
voir near  Baldhill  Creek  on  the  Sheyenne  materially 
changes  flood-flow  characteristics  in  the  Sheyenne 
Delta.  While  it  is  not  proposed  that  this  reservoir  will 
have  flood-detention  capacity  for  the  gi'eatest  floods, 
it  should  nevertheless  practically  control  flood-flow  ex- 
cept for  infrequent  occurrences  and  will  greatly  im- 
prove the  condition  of  lands  in  the  Sheyenne  Delta  and 
along  the  lower  Wild  Rice  and  will  leave  the  present 
channel  of  the  Sheyenne  nearly  empty  during  moderate 
floods. 

(c)  The  situation  above  described  under  {h)  adds 
great  value  to  the  still  included  Simons-King  j^roposal 
for  floodway  diversion  from  the  Dakota  Wild  Rice  to 
the  Sheyenne  and  the  three  proposals  included  in  (a), 
{b),  and  (c),  with  some  added  advantage  from  the 
flow -regulation  project  on  the  Otter  Tail  which  will  re- 
lieve the  valley  above  the  mouth  of  the  Sheyenne  from 
flooding  except  at  very  long  intervals — possibly  15  to 
25  years.  The  definite  value  of  these  benefits  can  be 
determined  only  after  the  best  proposal  for  the  Shey- 
enne Dam  has  been  worked  out  and  wlien  full  hydrolo- 
gic  studies  have  been  completed  with  regard  to  the 
combined  effect  of  these  projects.  Full  protection  at 
Fargo  can  be  reasonably  assured  by  the  removal  of 
some  of  the  constructions  within  the  floodway  within 
that  city  and  by  the  reduction  in  height  of  the  intake 
dams  in  the  Red  River  channel. 

{d)  The  above  proposals  will  materially  improve 
flood-flow  conditions  between  Fargo  and  the  Canadian 
border,  which  may  be  expected  to  receive  further  im- 
provement through  the  operation  of  the  Red  Lake 
River  project  and  possibly  by  the  impounding  of  water 
on  the  Goose  River  and  the  Minnesota  Wild  Rice 
River.  A  reasonable  degree  of  protection,  however,  re- 
quires the  improvement  of  the  floodway  channel  of  the 
river  very  much  as  outlined  in  the  Simons-King  report, 
hut  the  amount  of  channel  clearing  required  can  be 
somewhat  less  than  originally  suggested.  This  chan- 
nel clearing  is  carried  in  the  project  list  and  includes 


not  only  the  removal  of  timber  along  the  lower  part 
of  the  banks  but  tlie  reconstruction  of  bridges  and 
other  structures  within  the  floodway.  The  project  was 
given  a  tentative  estimated  cost  of  $2,000,000,  a  large 
part  of  which  is  chargeable  against  bridge  and  struc- 
tural rehabilitation.  It  is  expected  that  the  ultimate 
cost  will  be  materially  less  than  the  amount  stated. 

(e)  While  needing  definite  hydrologic  evaluation  it 
seems  probable  that  even  with  the  floodway  between 
Fargo  and  the  border,  flood  waters  will  result  at  the 
border  m  somewhat  larger  amounts  than  have  hereto- 
fore occurred  and  possibly  under  some  conditions  at 
slightly  higher  stages.  In  order  to  avoid  interna- 
tional complications  on  this  account,  the  proposal  for 
flood  detention  on  the  Pembina  River  at  Walhalla  is 
valuable  as  it  may  be  so  operated  as  fully  to  compen- 
sate for  any  increased  flood  volume  or  flood  stage  at  the 
border  that  might  be  otherwise  brought  about. 

General. — The  various  proposals  discussed  above  are 
included  in  somewhat  more  detail  in  connection  with 
the  project  statements.  It  is  expected  that  as  each 
of  the  projects  is  developed  for  its  specific  purpose  an 
over-all  investigation  will  become  necessary  as  to  their 
integrated  effect  on  flood  flows  in  the  Red  River  itself. 
Such  investigation  should  also  include  a  study  of  fur- 
tlier  measures  for  flood  protection  that  may  be  justified 
on  the  lower  Red  River  and  the  effect  of  the  diversion 
proposed  in  the  Roseau  project  in  discharging  addi- 
tional flood  waters  through  Two  Rivers. 

To  the  extent  that  frequent  flooding  in  the  lower  Red 
River  has  been  due  to  the  arrival  of  flood  peaks  in  the 
southern  end  of  the  basin  at  a  time  when  the  northern 
section  of  the  river  was  still  icebound,  particular  atten- 
tion should  be  devoted  in  connection  with  floodway 
clearance  to  the  avoidance  of  the  possibilities  of  ice 
gorges. 

8.  Land  Drainage 

For  the  Red  River  of  the  North  Basin  the  drainage 
of  agricultural  lands  enters  into  the  long-range  plan 
in  four  phases  as  follows : 

{a)  The  correction  of  drainage  systems  in  certain 
instances  where  the  drainage  is  necessary  during  wet 
years  but  in  its  present  state  is  defective  in  that  it  at 
times  receives  flood  flows  from  the  streams  and  dis- 
tributes flood  water  on  the  lands  to  the  definite  detri- 
ment of  agriculture. 

Tills  phase  appears  as  a  major  difficulty  in  an  im- 
portant way  with  regard  to  the  agi'icultural  lands 
south  of  the  Roseau  River.  It  occurs  to  a  minor  extent 
in  other  instances  where  flood  waters  occasionally  es- 
cape from  streams  and  follow  drainage  ditches  to  other 
outlets.  A  case  of  this  type  exists  in  the  vicinity  of 
Ada.     The  correction  of  these  situations  is  related  to 
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the  problem  of  correction  of  flood  flows  as  well  as  to 
land  drainage. 

(h)  The  i^lan  involves  the  maintenance  of  drainage 
channels  in  good  agricultural  lands.  This  is  primar- 
ily a  responsibility  of  the  counties.  At  the  present 
time  the  maintenance  has  been  neglected  to  such  an 
extent  that  the  channels  are  obstructed  by  tree  and 
weed  growth,  and  in  some  cases  are  so  nearly  filled 
with  soil  as  to  require  compl'^te  rehabilitation. 

(c)  A  very  large  area,  primarily  on  the  Minnesota 
side,  has  been  supplied  with  drainage  facilities 
although  the  drainage  never  was  economically  justified 
because  of  the  unfertile  soil.  The  plan  nnjuires  that 
the  drainage  structures  in  these  areas  be  blocked  and 
in  some  cases  provided  with  controls  so  that  such  areas 
may  be  returned  at  times  to  the  status  of  mai'shes  and 
quite  generally  abandoned  for  agriculture.  This  phase 
of  the  drainage  plan  is  definitely  related  to  that  part 
of  the  water  plan  dealing  with  wildlife  conservation. 

{d)  The  long-range  plan  includes  the  installation  of 
land  drainage  for  areas  of  good  soil  not  now  so  pro- 
vided. At  the  present  time  there  is  little  undrained 
land  for  which  the  installation  of  drainage  would  be 
economically  justified,  but  it  is  visualized  that  with  the 
further  development  of  the  valley  some  areas  should  be 
taken  out  of  wild  hay  production  and  placed  under  cul- 
tivation for  crops  of  greater  value.  The  lands  along 
the  Bois  des  Sioux  are  in  this  category,  and  in  this 
instance  the  drainage  would  be  related  to  the  plan  for 
water  conservation  and  stream-flow  correction  and  to 
that  part  of  the  plan  dealing  with  flow  correction. 

9.  Hydroelectric  Power 

Hydroelectric  power  development  in  the  Red  River 
of  the  North  Basin  does  not  come  into  the  water  plan 
as  an  item  of  major  importance.  However,  at  present 
there  are  a  number  of  small  installations  on  the  Otter 
Tail  River  and  on  the  Red  Lake,  Clearwater,  and  Wild 
Rice  Rivers,  all  in  Minnesota.  The  proi)osed  plan  of 
stream  flow  regulation  will  affect  the  operating  possi- 
bilities of  these  plants  to  a  very  considerable  extent 
and  may  justify  the  installation  of  additional  capac- 
ity at  the  present  plants  and  ultimately  may  justify 
power  production  at  other  sites. 

At  the  present  time  six  plants  on  the  Otter  Tail  River 
have  installed  capacity  of  about  8,000  horsepower  and 
plants  on  the  Red  Lake  River  of  over  3,000  horse- 
power. Most  of  these  plants  are  intercoimected  with 
other  plants  involving  steam  production,  some  of  tliem 
using  the  cheap  lignite  fuel  of  North  Dakota. 

Prior  to  the  beginning  of  the  drouth  in  1930  the 
plants  had  a  considerable  and  dependable  output. 
It  appears  that  they  were  operated  to  capacity  during 
the  months  of  heavy  stream  flow  and  as  a  result  their 
greatest  output  was  for  the  months  of  INIarch  to  July, 


inclusive.  However,  with  the  regulation  then  available 
in  Otter  Tail  Lake,  plants  were  able  to  carry  a  fair  load 
tlu-oughout  a  considerable  part  of  the  remaining 
montlis  of  the  year. 

During  the  drouth  period,  available  regulation  was 
not  sufiicient  to  permit  of  any  appreciable  annual 
equalization  and  most  of  the  plants  were  practically 
out  of  service  after  the  month  of  June,  being  operated 
as  standbys  to  the  extent  that  the  small  storage  in  their 
ponds  permitted. 

As  an  example  of  the  importance  of  this  situation, 
the  output  of  the  six  plants  on  the  Otter  Tail  River 
during  the  year  1927  was  approximately  10,500,000 
kilowatt-hours  and  during  the  jear  1933  the  output 
was  only  about  1,700,000  kilowatt-hours,  a  reduction 
of  approximately  15,000,000  kilowatt-hours.  When  the 
proposed  plan  of  storage  in  the  Otter  Tail-Pelican  sys- 
tem is  effective  the  dependable  flow  through  these 
plants  should  bo  approximately  50  second-feet  al- 
though reduced  possibly  to  30  second-feet  in  the  latter 
years  of  a  long  dry  cycle.  This  condition  will  permit 
these  plants  to  become  operative  in  a  dependable  man- 
ner and  to  even  better  advantage  than  was  possible 
during  the  wet  years  with  only  the  natural  storage  of 
the  lakes  available. 

With  the  regulated  stream-flow  effective  in  this  man- 
ner it  seems  entirely  possible  that  these  plants  might 
be  operated  to  advantage  for  peak  load  production  in 
such  way  as  to  defer  for  sometime  further  expansion 
of  stream  facilities  or  to  avoid  any  large  importation 
of  power  into  this  area.  The  record  of  total  power 
production  indicates  a  rather  steady  increase  even  dur- 
ing the  drouth  and  depression  period,  and  there  will 
apparently  be  a  further  steady  increase  in  power  de- 
mand for  some  time.  If  the  regulated  stream-flow  did 
nothing  more  than  permit  a  production  recovery  in 
these  plants  to  the  1927  level  and  if  that  part  of  the 
recovery  which  might  be  due  to  the  better  stream-flow 
regulation  were  evaluated  as  peak  load  power  it  is  ob- 
vious that  there  would  be  a  very  considerable  return 
on  the  operation  of  the  water  plan  as  a  whole  from 
this  particular  phase. 

In  addition  to  such  redevelopment  of  production  it 
would  seem  entirely  probable  that  the  dependable 
stream-flow  would  justify  some  increase  in  installed 
capacity  at  the  present  sites.  It  is  also  possible  that 
further  investigation  will  indicate  the  propriety  of 
hydroelectric  develojjment  at  certain  other  undeveloped 
sites  on  the  Otter  Tail  River  for  which  there  seem  to 
be  six  possibilities  worthy  of  consideration  with  a 
total  aggregate  head  of  between  50  and  100  feet. 

The  present  installations  on  the  Red  Lake  River  are 
less  extensive  but  the  possibilities  of  further  develop- 
ment may  be  quite  as  attractive  as  on  the  Otter  Tail. 
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The  Baldhill  project  on  the  Sheyenne,  if  operated 
for  flood  detention  and  stream  flow  reguhition,  might 
well  justify  the  installation  of  hydroelectric  produc- 
tion using  a  regulated  flow  of  40  to  50  second-feet  with 
a  mean  head  of  possibly  40  feet.  If  the  Walhalla 
project  on  the  Pembina  River  is  shown  to  be  warrant- 
able for  flood-flow  correction  and  water  conservation, 
a  somewhat  similar  installation  may  be  indicated 
thei'e. 

To  the  extent  that  hydroelectric  power  production  is 
improved  or  made  feasible  through  the  stream-flow 
regulation  phase  of  the  water  plan,  the  resulting  bene- 
fits should  be  evaluated  and  the  return  from  this  source 
should  be  made  available  to  the  interstate  operating 
authority  and  might  well  pay  a  very  considerable  part 
of  tlie  maintenance  and  operation  of  the  water  plan 
as  a  whole. 

A  study  project  has  been  set  up  to  provide  for  a 
survey  of  power  production  possibilities  and  improve- 
ments which  might  gi'ow  out  of  tlie  operation  of  the 
water  plan  and,  if  indicated  by  this  survey,  a  request 
should  be  made  to  the  Federal  Power  Commission  for 
an  evaluation  of  the  benefits  to  hydroelectric  jjower. 

10.  Summary  of  the  Water  Plan 

The  principal  water  requirements  for  the  basin  are: 

(a)  Storage  in  natural  lakes  and  in  reservoirs  lo- 
cated around  the  rim  of  the  valley,  and  regulated  re- 
lease of  surface  water  to  produce  the  stream-flow  nec- 
essary for  water  supply  and  the  dilution  of  wastes, 
incidentally  involving  some  improvement  in  hydroelec- 
tric power  production. 

(Z>)  Development  of  certain  low-water  stream  chan- 
nels for  the  efficient  transportation  of  the  dependable 
flow  to  and  through  the  central  portion  of  tlie  valley. 

(c)  The  conversion  of  unsatisfactory  gi'ound  water 
supplies  of  the  smaller  towns  to  more  satisfactory  sub- 
surface sources  or  to  surface  supplies. 

{d)  Correction  of  flood-flow  conditions  along  some 
tributaries  and  on  parts  of  the  Red  River. 

(e)  Restoration  and  stabilization  of  water  areas  for 
recreation  and  for  the  conservation  of  wildlife. 

(/)  Rehabilitation  of  drainage  woiks  of  certain  fer- 
tile agricultural  lands  and  the  restoration  of  lands 
uneconomically  drained  to  their  natural  condition. 

{g)  Construction  of  small  dams  on  normally  dry 
streams  for  stock  watering  and  other  rural  purposes. 

{h)  After  a  determination  of  the  details  of  stream- 
flow  regulation,  a  study  of  the  warrantability  of  addi- 
tional hj'droelectric  power  production,  a  study  of  the 
improvement  to  power  production  resulting  from 
stream-flow  regulation  at  existing  plants  and  an  evalu- 
ation of  the  resulting  benefits. 


11.  Interstate  Authority 

Interstate  Control. — The  urban  population  of  the 
area  is  well  divided  between  Minnesota  and  North 
Dakota.  The  more  important  sources  of  the  water  to 
be  distributed  are  in  Minnesota.  Flood  storage  in 
Xorth  Dakota  is  necessary  to  the  coinj^lete  plan.  The 
project,  if  carried  out,  can  be  effective  only  if  operated 
in  the  two  States  for  the  best  interests  of  the  valley 
as  a  whole,  and  the  maintenance  of  lo^,--water  channels 
continuously  in  adequate  condition  can  only  be  guar- 
anteed by  an  over-all  authority. 

Accordingly  it  is  essential  to  this  project  that  a 
pennanent  interstate  agreement  for  the  development 
and  operation  of  the  water  plan  be  effected  and  that 
some  authority  be  set  up  having  a  guaranteed  finan- 
cial support,  adecjuate  to  meet  a  part  of  the  cost  of 
construction  and  efficiently  to  operate  and  regulate 
storage  and  movement  of  water. 

Interstate  Authority. — The  struggle  to  secure  relief 
from  devastating  floods  and  to  increase  water  supplies 
for  municipal  and  industrial  purposes  along  the  Red 
River  of  the  North  dates  back  30  or  more  years. 

Following  the  historic  floods  of  1919,  joint  legisla- 
tion was  passed  by  the  States  of  North  Dakota,  South 
Dakota,  and  Minnesota  authorizing  the  formation  of 
drainage  and  flood  control  districts  in  drainage  basins 
common  to  two  or  more  States.  In  attempting  to 
apply  these  statutes,  however,  it  was  found  that  differ- 
ences in  basic  laws  of  the  three  States  made  it  imprac- 
ticable equitably  to  determine  benefits  and  damages 
and  assess  the  costs  against  lands  and  interests  in  the 
three  States.  The  plan  at  that  time  was  to  assess  all 
costs  against  individual  pieces  and  parcels  of  land 
which  might  be  benefited. 

As  a  result  of  past  experience  to  establish  interstate 
cooperation,  certain  definite  conclusions  can  be  stated. 

1.  An  interstate  authority  is  necessary.  It  should 
have  power  to  receive  and  expend  moneys  in  all  three 
States.  This  authority  should  be  simpler  and  more 
direct  in  its  application  than  the  present  statutes 
authorizing  formation  of  interstate  drainage  and  flood 
control  districts. 

2.  The  interstate  authority  should  not  attempt  to 
assess  costs  of  operation  and  maintenance  of  water 
conservation  works  against  individual  pieces  and  par- 
cels of  land  that  may  be  benefited.  Such  authority 
should  levy  costs  against  the  taxing  units  in  which 
benefited  interests  are  located,  as  for  instance,  town- 
ships, counties,  and  organized  cities  and  villages. 
Each  of  said  taxing  units  can  then  be  made  responsi- 
ble for  the  levying  and  collecting  of  whatever  con- 
tribution it  is  to  make  to  the  interstate  authority. 
For  instance,  the  equitable  portion  of  the  costs  of 
maintaining  and  operating  the  water  conservation  dis- 
trict having  been  determined  by  the  interstate  author- 
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ity,  it  should  have  power  to  look  to  the  city  of  Fargo, 
as  a  iiuiiiicipalitv.  for  tlic  payment  of  its  contribution. 
So  also  should  any  other  city,  villajie.  township,  or 
county  be  dealt  with  as  organizations.  Under  such 
a  system,  machinery  can  be  provided  sei>arately  in 
each  State,  if  it  does  not  already  exist,  for  the  spread- 
ing of  assessments  witliin  a  city  or  other  political  unit, 
ofjual  in  total  to  the  levy  made  by  the  interstate  au- 
thority. Thus  the  dilliculties  can  be  avoided  which 
arise  by  reason  of  differences  in  basic  procedures 
practiced  in  ditlerent  States. 

3.  Since  the  water  to  be  conserved  will  often  be 
stored  in  one  State  and  used  in  another  any  equitable 
plan  must  place  the  burden  of  costs  in  proportion  to 
the  benefits  to  be  received.  This  policy  nmst  be  ap- 
plied not  only  to  operation  and  maintenance,  but  to 
the  constructi(m  of  necessary  structures  and  the  pro- 
\  isions  of  rights-of-way  and  flowage  as  well.  Unless 
a  genuine  showing  is  made  that  such  equitable  distribu- 
tion is  intended  and  specified  by  the  act  to  create  an 
interstate  authority,  it  is  certain  that  widespread  oppo- 
sition will  develop  against  any  plan  which  purports 
to  store  and  control  waters  within  one  State  for  the 
benefit  of  the  communities  in  other  States. 

4.  In  order  to  receive  general  public  approval  in 
localities  of  origin  any  act  to  create  an  interstate  au- 
thority will  have  to  insure  (a)  i-epresentation  on  the 
interstate  authority  of  a  character  that  will  adequately 
protect  their  interests,  and  (6)  procedures  for  the 
award  of  damages  and  assessment  of  costs  in  pi'opor- 
tion  to  actual  damages  sufi'ered  and  benefits  received. 
From  past  attempts  to  develop  and  operate  emergency 
projects  for  supplying  water  to  distant  municipalities, 
as  for  instance,  in  the  case  of  bringing  water  from 
the  Otter  Tail  chain  of  lakes  to  supply  Breckenridge 
and  connnunities  below,  interests  residing  around  the 
lakes  from  which  water  was  to  be  taken,  indicated 
quite  clearly  that  they  look  askance  at  any  plan  that 
would  impose  inequitable  burdens  by  way  of  supplying 
flowage  and  other  water  conservation  needs,  witliout 
some  form  of  compensation.  Similarly,  the  interests 
of  the  Red  River  Indian  Reservation  must  be  protected. 

In  the  absence  of  such  agreement,  the  full  consum- 
mation of  the  plan  could  not  be  reasonably  assured. 

12.  International  Aspects 

International  Aspects. — The  Red  River  of  the  North 
rises  in  the  United  States  and  flows  across  the  inter- 
national boundary  into  Canada  between  Pembina, 
N.  Dak.,  and  Emerson,  Manitoba,  and  continues  past 
the  city  of  Winnipeg  to  Lake  Winnipeg  and  thence 
through  the  Nelson  River  into  Hudson  Baj-.  Thus,  the 
water  flowing  in  the  Red  River  becomes  of  interna- 
tional importance  and  in  proposing  any  projects  involv- 
ing the  control  and  use  of  this  water  by  the  people  on 


either  side  of  the  international  boundary,  the  interests 
of  the  people  on  the  other  side  nmst  be  protected  in 
accordance  with  the  treaty  between  the  United  States 
and  Great  Britain,  signed  January  11,  1909. 

There  is  no  water  power  development  anywhere 
along  the  course  of  the  Red  River  in  Canada,  but  for 
more  than  60  years  the  river  has  been  continuously 
used  for  navigation  from  Luke  Winnipeg  up  to  the 
city  of  Winnipeg.  It  was  formerly  navigable  along 
its  entire  length,  and  it  is  still  used  considerably  for 
this  purpose,  to  a  short  distance  above  Winnipeg.  For 
more  than  25  years  this  has  been  facilitated  by  a  dam 
and  lock  on  the  river  at  St.  Andrews,  about  20  miles 
below  Winnipeg.  The  dam  is  a  rather  unusual  type  of 
roller-slat  curtain  through  which  there  is  unprevent- 
ably  so  nuich  leakage  that  at  very  low  stage  there  is 
some  difliculty  in  keeping  the  depth  up  to  navigation 
requirement.s. 

The  river  is  used  at  some  points  for  municipal  sup- 
plies, and  at  many  points  along  its  length  sewage  is 
turned  into  it  either  with  or  without  purification 
treatment.  For  these  reasons  very  small  minimum 
flows  are  quite  undesirable. 

There  are  few  portions  of  the  valley  in  Canada 
where  flood-flows  of  ordinary  height  pass  out  of  the 
channel  enough  to  cause  more  than  min.or  inconven- 
ience, but  at  longer  intervals  floods  occur  of  sufficient 
height  to  cause  damage  and  serious  losses  to  adjacent 
farm  lands  and  to  numicipalities,  particularly  Winni- 
lieg,  which  is  the  fourth  largest  city  of  the  Dominion 
of  Canada. 

Thus  it  appears  that  an  increase  in  the  amomit  of 
frequency  of  flood-flow  could  not  be  advantageous  to 
Canada  under  any  conceivable  condition,  but  quite 
often  an  increase  in  (juantity  of  flow  during  low-stage 
periods  would  be  advantageous  and  acceptable.  For 
every  reason  the  valley  residents  and  numicipalities 
along  the  Red  River  in  Canada  prefer  a  flow-  as  nearly 
equalized  in  amount  from  month  to  month  and  j'ear 
lo  year  as  may  be  practicable.  And  that  is  precisely 
the  chief  intended  effect  of  most  of  the  proposed  proj- 
ects in  the  prospective  water  plan  for  the  Red  River 
in  the  L'nited  States.  Every  part  of  it  will  have  a 
tendency  to  reduce  the  maximums  of  flood  periods,  or 
to  increase  the  flow  during  the  low-stage  periods,  or 
both,  but  none  of  the  items  can  have  the  opposite  effect. 

Therefore,  as  a  whole  and  in  detail  this  plan  should 
meet  the  enthusiastic  approval  of  every  Canadian  nni- 
nicipality  along  tlie  Red  River,  of  the  Manitoba  gov- 
ernment, and  of  all  citizens  who  happen  to  be  at  all 
affected.     . 

So  far  as  announced,  there  have  been  no  formal 
agreements  or  contracts  pertaining  to  this  matter  en- 
acted or  authorized  by  any  of  the  Canadian  officers, 
bureaus,  or  departments.     But  for  25  years  past,  in- 
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formally  or  unofficially,  in  verbal  consultations  and 
conferences,  addresses  at  public  meetings  on  either  side 
of  the  boundary,  and  likewise,  complete  approval  of 
such  a  movement  as  this  and  promises  of  any  feasible 
cooperation  have  been  repeatedly  expressed  by  the  re- 
sponsible parties  or  leading  citizens  north  of  the 
boundary,  such   as  successive  mayors  of  Winnipeg, 


provincial  conservation  commissioners,  chief  engineers 
of  the  Dominion  water  power  and  hydrometric  bureau, 
and  others. 

Thus  the  endorsement  of  any  such  movement  as  this 
taken  as  a  whole,  and  for  all  of  those  parts  except 
possibly  some  trivial  detail  easily  amended,  can  be 
assured. 


STAFF   REPORT  — SECTION    IV 
PROJECTS    AND    PROGRAM 


Description 

In  this  cliiipUT  :iii  attempt  has  been  made  to  list  all 
projects.  The  tabulation  shows  the  estimated  cost  of 
each  proJL'ct  and  indicates  its  present  status.  Tliese 
fi<jures  are  soniewliat  higlier  tlian  the  original  estimates 
as  usee!  in  compiling  the  list  of  projects  in  July;  but  it 
is  advisable  to  make  the  correction  so  that  all  the 
records  will  be  uniform. 

Form  F-72  has  been  completed  for  all  of  the  Minne- 
sota projects  and  complete  detailed  information  may 
be  obtained  on  any  project  listed  by  referring  to  the 
lecord. 

AViiile  the  list  is  quite  complete  today,  it  should  be 
noted  that  changes  will  occur  by  i-eason  of  the  com- 
I)letion  of  some  projects  and  the  abandonment  of 
otliers.  Many  projects  reconnnended  in  the  first  re- 
port have  been  com^jleted.  Also  new  projects  not  on 
the  list  are  being  suggested  almost  daily.  It  is  hoped, 
however,  that  the  list  as  given  here  will  serve  as  a 
guide  for  projects  to  be  undertaken  in  the  lied  River 
of  the  North  drainage  basin. 

Revised  Summary  of  the  Red  River  of  the  North  Project  List 

GROUP  A.  FOR  lil.MEDIATE  INVESTIGATION  AND 

CONSTRUCTION 

1.  Investigation  Projects 

Qeneral: 
United  States  Army  Engineer's  survey  on  merit 
of  plan  and  feasibility  of  projects;  to  iuclude 
Baldhill,  Walhalla,  Steele  County,  Dakota-Wild 
Rice  floodway  to  Sheyenue  River,  SheyeuneDa- 
liota  Wild  Kice  diversion  ditcli.  Park  River 
levee   channel    improvement,   which   survey   is 

now  under  way '$50,000 

Water  conservation  and  flood  control: 
Study   of  floodwnter   channel,   Red   River  below 

Otter  Tail liO,  000 

Surveys  and  development  of  plans,  small  conser- 
vation dams 20,000 

Water  power: 
Study  of  the  Otter  Tail,  Red  Lake,  and  Sheyenne 

Rivers a,  000 

Water  aupply: 
Investigation  of  ground   water  supply   of  small 

towns 40,000 

2.  Constmction  Projects 
OcneraJ: 

7  stream-gaging  stations 25,000 

Water  conservation  and  flood  control: 
Red  Lake  River,  channel  improvement  and  control 

works 780,  000 

Baldhill  Reservoir  on  Sheyenne  River 780,000 

>  Projects  Included  under  these  Items  are  in  various  stages  of  de- 
velopment. Some  are  under  construction,  otliers  are  recommended ; 
surveys  are  compieted  tor  a  number  and  other  surveys  are  underway. 

150935—37 i 


Revised  Summary  of  the  Red  River  of  the  North  Project  List- 
Continued 
GROUP    A.    FOR    l.MMEDIATE    INVESTIGATION    AND 
CONSTRUCTION— Continued 
Water  conservation  and  flood  control — Continued. 
Sheyenne  River,  low-wutur  cluinnel  improvonient-       $1(X),  000 

Sheyenne  River,  diversion  including  dam 95, 000 

47  small  dams  in  sub-basin  of  Otter  Tail-Pelican 

Rivers '  450, 000 

39  small  dams  on  Wild  Rice,  Sheyenne,  Goose, 
Pembina  Rivers  in  North  Dakota ;  on  Red, 
Snake,  Roseau  Rivers  in  Minnesota ;  and  Mar- 
shall County  in  South  Dakota '550,000 

Snake-Roseau  Resiervoir  and  diversion 1,300,000 

Otter    Tail-Red    Rivers    improvement    low-water 

channel '  2C0, 000 

Water-supply  projects: 
Water  supply  and  water  treatment  plants  in  133 

municipalities '  2,  600, 000 

Pollution  projects: 

Sewer  systems  and  sewage  treatment  plants  in 

61    municipalities '2,600,000 

GROUP  B.  FOR  DEFERRED  CONSTRUCTION 
Water  conservation  and  flood  control: 

Park  River  levee  and  channel  improvement $45,000 

Goose  River  Reservoir 195, 000 

Walhalla  Reservoir  on  Pembina  River 395,  000 

Dakota-Wild  Rice  floodway  to  Sheyenne  River—        350,  000 
General — Wildlife: 

Lake  Traverse  to  Bois  des  Sioux 1, 40O,  OOO 

Tongue  River  Reservoir,  Pembina  County,  survey 

completed 100,  000 

Additional     storage,     Sheyenne     River,     Nelson 

County 100, 000 

Stump  Lake  improvement,  not  surveyed 50,000 

49  small  dams  and  reservoirs  for  water  conserva- 
tion,  recreation   and  game  refuges,  listed   in 

class    C '200,000 

Channel  improvement  Red  River  (Fargo)  to  Ca- 
nadian   border 500,000 

31  municipal  water  supply  and  treatment  plants 
and  sewerage  and  sewer  treatment  plants  listed 
in  class  C 700,000 

Total 13,  710,  OOO 

Details  of  Major  Construction  Projects 
GKOUI"  A.     FOR  IMMEDIATE  CONSTRUCTION 
Water  conservation  and  flood  control: 

47  small  dams  In  the  subbasin  of  Otter  Tall-Pelican 

Uiver.s $450,  000.  00 

Many  Point  Lake,  Round  Lalte,  Height  of  Land 
Lake.  Sybil  Lake,  Rose  Lake,  Scalp  Lake,  Six 
Lake,  Carroll  Lake,  Silver  Lake.  Dead  Lake  In 
Becker  County,  Big  Pine,  Boedingheimer  Lake, 
Marion  Lalfe.  Buchanan  Lake,  Dead  Lake  In 
Otter  Toil  County,  Star  Lake,  Round  Lake,  Big 
McDonald  Lake,  Alice  Lake,  Elbow  Lake,  Blanche 
Lake,  Mollie  Stark.  West  Battle  Lake.  Clitheral 
Lake,  Crane  Lake,  Stuart  Lake,  East  Lost  Lake, 
West  Lost  Lake,  Wall  Lake,  Big  Floyd  Lake, 
Detroit  Lakes,  Sallie  Lake,  Hand  Lake,  Bucks 
Mill   Pond   or  Melissa  Lake,   Maud   Lake,   Lake 
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Revised  Summary  of  the  Red  River  of  the  North  Project  List — 
Continued 

Details  of  Major  Construction  Projects — Continued 
GROUP  A.     FOR  IMMEDIATE  CONSTRUCTION — Continued 
Eunice,  Mud  Lake,  Leek  Lake,  Bucks  Lake,  Hol- 
brook   Lake,    Little   Pelican,    Big   Pelican,    Lida 
Lake,   Franklin    Lake,    Lake   Lizzie,    Long   Lake, 
Reed  Lake. 
8  small  dama  in   the  subbasin  of  Otter  Tail-Pelican 
Rivers  have  been  completed  or  are  under  construc- 
tion as  follows :  Big  Pine,  Rush   Lake,  Otter  Tall 
Lake,  Eust  Battle  Lake,  Little  Floyd  Lake,   Bucks 
Mill  Pond  or  Melissa  Lake,  Lake  Eunice,  and  Frank- 
lin Lake. 
39  small  dams  on  Wild  Rice,  Sheyenne,  Goose,  Pem- 
bina  in   North   Dakota ;   on   Snake,   Roseau   Rivers 
in    Minnesota ;    and    Marshall    County    in    South 

Dakota $550,  000.  00 

Buffalo  River  outlet  of   Rock  Lake ;   Poplar  River 
adjacent  to  Turtle  Lake  ;  Buffalo  River  outlet  of 
Buffalo    Lake ;    Buffalo    River    at    Muskado ;    2 
rivers    in    Lancester ;    2    rivers    in    Halloek ;    2 
rivers  in  Brouson  ;  Roseau  River,  Malung  town- 
ship ;  Roseau  River,  Blooming  Valley ;  Wild  Rice 
River  near  Hickson  ;   Wild  Rice  River,   Sergeant 
County ;  Wild  Rice  River  near  Mantador  ;   Wild 
Rice  River  near  Calchutt ;  Wild  Rice  River  near 
Christine ;  creek  near  Mooreton  ;  Wild  Rice  River 
near  Wyndmere ;  Wild  Rice  River  near  Cayuga ; 
Sheyenne    River,    Richland     County ;     Sheyenne 
River,     Cass     County ;     Baldhill     Creek,     Griggs 
County ;    Maple   River,    Cass    County ;    Sheyenne 
River,    Barnes    County ;    Maple    River,    Barnes 
County ;     Sheyenne     River,     Cass     or     Richland 
County ;    Sheyenne    River,   Cass   County ;    Shey- 
enne River,  Ransom  County ;  Maple  River,  Cass 
or  Ransom  County  ;   Turtle   River,    Grand   Forks 
County  ;  Goose  River,  Traill  County  ;  creek,  Cava- 
lier County  ;  Forest  River,  middle  branch,  Walsh 
County ;    Forest    River,    Walsh    County ;    creek, 
Grand  Forks  County  ;  Elm  River,  Traill  County ; 
creek.  Grand  Forks   County ;   Coll   Creek,  Grand 
Forks  County;  Marshall  County   (3). 
13  small  dams  on  Wild  Rice,   Sheyenne,  Goose  Pem- 
bina   Rivers    in    North    Dakota ;    on    Red,    Snake, 
Roseau  Rivers  in  Minnesota  ;  and  Marshall  County 
in  Soutb  Dakota,  have  been  completed  or  are  un- 
der construction  as  follows  : 
2     rivers    in    Halloek,     2     rivers     in    Bronson, 
River,  Malung  Township. ;  Wild  Rice  River  near 
Hickson ;    Wild    Rice    River    near    Mantador ; 
Wild    Rice    River    near    Calchutt ;    Wild    Rice 
River   near   Christine ;   Wild   Rice   Creek   near 
Mooreton  ;  Wild  Rice  River  near  Cayuga  ;  Shey- 
enne River   Richland   County ;   Goose-Pembina 
Turtle    River.    Grand    Forks    County ;    Goose- 
Pembina  Creek,  Grand  Forks  County. 

Water  supply  projects: 

Water    supply   and    water    treatment   plants    in    133 

municipalities 2,  600,  000.  00 

Abercrombie,  Alice,  Amenta,  Aneta,  Anseim,  Ar- 
doch  and  Ayr,  N.  Dak. ;  Bagley,  Barnesville,  and 
Battle  Lake,  Minn. ;  Blabon,  N.  Dak. ;  Blackduck, 
Minn. ;  Blancbard  and  Bowesmont,  N.  Dak. ; 
Breckenridge,  Minn. ;  Buffalo,  Buttzville  and  Bux- 
ton, N.  Dak. ;  CaUaway  and  Campbell,  Minn. ; 
Casselton,  Cayuga,  Cavalier,  Chaffee,  Christine, 
Clifford,  Cooperstown,  Colgate,  and  Conway,  N. 
Dak. ;  Crookston,  Minn. ;  Crystal,  Cummings 
and  Dazey.  N.  Dak.;  Detroit  Lakes  (1)  and 
Donnelly,  Minn. ;  Drayton,  N.  Dak. ;  Dumont, 
Minn. ;  Dwight,  N.  Dak. ;  East  Grand  Forks, 
Minn.  ;  Eckelson,  N.  Dak. ;  Elbow  Lake,  Minn. ; 
Elliott,  Enderlln,  Englevale,  Erie,  and  Fairdale, 
N.  Dak.;  Fergus  Falls  (1)  and  Fertile,  Minn.; 
Fingal,  Finley,  Fordville,  and  Forest  River, 
N.  Dak. ;  Frazee,  Minn. ;  Galesburg,  Glasston, 
Grafton,  and  Great  Bend,  N.  Dak.  ;  Hancock  and 
Halstad,  Minn. ;  Hamar,  Hamberg,  Hamilton, 
Eannaford,   Hansboro,   Hastings,   Heimdal,   and 


Hunter,  Kathryn,   and  Kindred,  N.  Dak. ;  Lake 
Park,    Minn. ;    Langdon,    Lankin,    Lisbon,   Litch- 
ville,    Maddock,    Manvel,    Martin,    Matton,    Mc- 
Canna,  McLeod,   McHenry,  Mekinock,  Michigan, 
and    Minto,    N.    Dak.;     Moorbead,     Minn.     (1); 
Mooreton,  Mountain,  and  Neche,  N.  Dak. ;  New 
York  Mills,  Minn. ;  Niagara  and  Nome,  N.  Dak. ; 
Nortbome,    Minn.  ;    Northwood,    N.    Dak. ;    Oklee, 
Minn. ;  Orlska,  Orr,  Page,  Park  River,  and  Pekin, 
N.  Dak. ;  Pelican  Rapids,  Minn. ;  Pembina,  Pills- 
bury,   Pisek,   and   Portland,  N.  Dak, ;   Red   Lake 
Brails,  Mlnu. ;  Reynolds,  N.  Dak. ;  Roseau,  Minn. ; 
Rutland,    Sanborn,    Sharon,    Sheldon,    Sheyenne, 
and    St.    Thomas,    N.    Dak. ;    Thief    River    Falls, 
Minn. ;     Thompson,     Tolna,     and     Tower     City, 
N.  Dak.  ;  Twin  Valley.  Minn.  ;  Valley  City,  Wah- 
peton,    and   Walum,    N.   Dak. ;    Warren,    Minn. ; 
Wellsburg,  Wettman,  and   Wheatland,  N.  Dak. ; 
Wheaton,   Minn. ;   Wimbledon,   N.   Dak. ;   Wolver- 
ton,  Minn. ;  Wyndmere,  N.  Dak. 
Water  supply  and  watex  treatment  plants  have  been 
completed  or  are  under  construction  in  12  munici- 
palities as  follows:  Argyle  (1),  Bagley  (1),  Detroit 
Lakes  (1),  Fergus  Falls  (2),  Fosston  (1),  Halstad 
(1),    Hawley    (1),    Mcintosh    (1),    Moorhead    (1), 
Northome     (1),    Perham     (1),    and    Thief    River 
Falls    (1). 
Pollution  projects: 

Sewer  systems   and   sewage  treatment   plants   in   61 

municipalities $2,  600,  000.  00 

Abercrombie,  N.  Dak. ;  Ada,  Argyle,  Bagley,  Barnes- 
ville,    Battle     Lake,     Blackduck,     Breckenridge, 
and    Callaway,    Minn. ;    Casselton    and    Cavalier, 
N.    Dak.;    Crookston     (3i,    Detroit    Lakes     (2), 
Dilworth,      and      Donnelly,      Minn. ;      Drayton, 
N.   Dak. ;    East   Grand   Forks   and    Elbow   Lake, 
Minn. ;  Enderlln  and  Fairmont,  N.  Dak.  ;  Fergus 
Falls  (3),  Fertile   (1>,  Fosston    (1),  Frazee,  and 
GraceviUe,    Minn. ;    Grafton,    N.    Dak. ;    Halloek 
and  Halstad,   Minn.  ;    Harvey,   N.   Dak.  ;   Hawley 
and   Herman,   Minn. ;    llillsboro,   N.   Dak. ;    Kelll- 
her,  Minn. ;  Kindred,  N.  Dak. ;  Lake  I'ark,  Minn. ; 
Larimore    and    Maddock,    N.    Dak. ;    Mahnomen, 
Minn. ;     Mayvllle,    Milnor,    Minto,    and    Neche, 
N.  Dak. ;  Northome,  Minn. ;  Park  River,  N.  Dak. ; 
Pelican  Rapids,  Minn. ;  Pembina.   N.  Dak. ;  Per- 
ham,  Minn.    (1);   Portland,   N.   Dak.;    Red   Lake 
Falls    and    Roseau,    Minn. ;    Sheyenne    and    St. 
Thomas,   N.    Dak.  ;   Thief  River   Falls   and   Twin 
Valley,  Minn. ;  Wahpeton  and  Walhalla,  N.  Dak. ; 
Warren,    Minn. ;    West    Fargo    and    Wyndmere, 
N.  Dak. ;  Wolverton,  Minn. ;  Valley  City,  N.  Dak. 
Sewer  systems  and  sewage  treatment  plants  have  been 
completed  or  are  under  construction  in  12  munici- 
palities as  follows:   Callaway    (1),   Crookston    (3), 
Detroit  Lakes   (2),  Fergus  Falls   (6),  Fertile   (1), 
Fosston     (1),    Hawley     (1),    Moorhead     (1),    New 
York  Mills   (2),  Pelican  Rapids   (2),  Perham   (4), 
and  Wheaton   (2). 

GROUP  B,  FOR  DEFERRED  CONSTRUCTION 

Oeneral — Wildlife: 

49  small  dams  and  reservoirs  for  water  conservation, 

recreation  and  game  refuges  listed  in  class  C 200,  000.  00 

Red  Lake  subbasin ;  Richland.  Richland,  Cass,  Sar- 
gent, Barnes,  Barnes,  Barnes.  Barnes,  Barnes, 
Barnes,  Pierce,  Pierce,  Grand  Forlis,  Traill, 
Grand  Forks,  Grand  Forks,  Grand  Forks,  Walsh, 
Cavalier,  Cavalier,  Towner,  Traill,  Traill, 
Walsh,  Walsh,  Cavalier,  Walsh,  Grand  Forks, 
Grand  Forks,  Traill,  Traill.  Grand  Forks,  Grand 
Forks,  Cavalier,  Walsh,  Cavalier  Counties ;  soutb 
branch  in  Cavalier  County  ;  Grand  Forks  County  ; 
Tongue  River  in  Pembina  County  ;  Forest  River 
In  Grand  Forks  County  ;  creek  in  Walsh  County  ; 
creek  in  Walsh  County ;  Elm  River  in  Steele 
County ;  Goose  River,  middle  branch  in  Steele 
County ;  Goose  River,  south  branch  in  Steele 
County ;  Elm  River  in  Traill  County,  drainage 
ditch  In  Cavalier  County ;  Rush  Lake  outlet 
in  Cavalier  County. 
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Revised  Summary  of  the  Red  River  of  the  North  Project  List- 
Continued 

Details  of  Major  Construction  Projects — Continued 
GROUP  B.  FOR  DKFERRED  CONSTRUCTION— Continued 

18  small  dams  and  reservoirs  for  water  conservation, 
recreation,  and  game  refuges  bave  been  coiLplcted 
or  are  under  construction  as  follows:  Barnes 
County  (7).  Cass  County  (1),  Cavalier  County  (2), 
Grand  Forks  County  (1),  Griggs  County  (2), 
Hlcbland  County  (2),  Pierce  County  (1),  and  Sar- 
gent County   (2). 


Qeneral — Wildlife: 

31  municipal  water-supply  and  treatment  plants  and 
sewerage    and    sewer    treatment    plants    listed    In 

class    C $700,000.00 

Municipal  water  supply  and  treatment: 

Havana,      Lldgerwood,      Barney,      Colfax,      Wallcott, 
Hnimplon,   Cogswell,   Ddamere,    Forman,   Gwinner, 
and   Milnor. 
Sewerage  and  seiccraye  treatment  plants: 

Ilnnklnson,  I.idgerwood,  Cogswell.  Forman,  Gwinner, 
JlcVille,  Wimbledon.  Litchville,  Tower  City,  Coop- 
crstown,  Finley,  Hope,  Hunter.  Page,  Laudom, 
Aneta,  Michigan,  Northwood,  Uatton.  and  Buxton. 
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YEAR 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 

L.J.E.  3-37 

PRECIPI- 
TATION 

27.36 
18.74 
25.26 
18.73 
18.80 
21.77 
17.09 
15.33 
20.26 
25.62 
20.97 
20.45 
19.32 
19.55 
27.20 
22.34 
19.80 
20.63 
23.78 
26.02 
22.46 
21.77 
22.10 
26.92 
24.96 
18.48 
21.84 
22.25 
12.21 
22.17 
22.63 
19.49 
24.22 
23.06 
27.76 
13.41 
19.64 
23.02 
18.61 
22.41 
22.47 
18.84 
20.68 
22.76 
18.74 
22.49 
21.26 
15.82 
17.95 
19.67 
17.94 
16.50 
14.67 
20.84 
10.82 
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APPENDICES 
APPENDIX  A— WATER  CONSERVATION  AND  FLOOD  PREVENTION 


Human  activities  are  so  dependent  upon  water  that 
periods  of  drought  quickly  emphasize  the  need  for 
water  conservation.  Simihirly,  flood  periods  focus  at- 
tention upon  the  havoc  wrouglit  by  an  excess  of  water. 
In  tlie  presence  of  one  extreme  condition  the  other  is 
quickly  forgotten.  Long-range  planning  demands  con- 
sideration of  both  extremes,  and  also  of  the  normal 
condition.  Such  planning  should  be  based  upon  the 
best  possible  interpretation  of  all  available  hydrologic 
data.  Aithougli  general  information  respecting  floods 
and  drought  has  come  down  through  the  ages,  long-time 
records  of  rainfall,  run-off,  temperature,  relative  hu- 
midity, wind  velocity,  and  eva[)oration  are  still  all  too 
meager.  Rainfall  and  temperature  have  been  measured 
for  more  than  a  hundred  years  at  the  principal  Weather 
Bureau  stations  in  the  United  States,  but  comparatively 
few  accurate  records  of  other  phenomena  extend  back 
even  50  years.  The  possible  extremes  are  unknown 
today.  For  the  present  it  is  necessary  to  assume  that 
the  future  will  bring  alternating  floods  and  droughts 
much  as  the  past  has  done. 

This  generation  finds  itself  confronted  with  the  task 
of  planning  hydraulic  works  that  are  to  endure  a  cen- 
tury or  more  on  the  basis  of  hydrological  observations 
covering  only  a  few  decades.  Has  man's  occupancy 
of  the  earth  affected  rainfall,  evaporation,  and  run-off, 
or  are  the  floods  of  the  1880's  and  the  droughts  of  the 
1930's  merely  natural  variations  of  hydrologic  phe- 
nomena that  will  show  still  greater  extremes  within  the 
life  of  the  structures  we  are  now  building?  In  the 
absence  of  suilicient  basic  data,  we  must  plan  with 
moderation  and  not  endeavor  to  change  nature's  regime 
too  drastically  lest  future  generations  charge  us  with 
shortsightedness. 

General  Hydrologic  Data 

According  to  Water  Supply  Paper  No.  772,  the  aver- 
age precipitation  in  the  basin  of  the  Red  River  of  the 
North  at  Grand  Forks  from  1882  to  19:54  was  21  inclies. 
In  1882  there  was  only  one  rainfall  station  to  about 
8,500  square  miles.  In  1930  there  was  one  to  about 
every  910  square  miles.  The  least  recorded  precipita- 
tion occurred  in  1910,  but  this  year  was  preceded  and 
followed  by  years  of  moi'e  than  normal  precipitation. 
Consequently  the  drought  was  less  severe. 

From  1929  to  1935,  the  precipitation  was  continually 
below  normal,  resulting  in  unprecedented  drought  con- 


"  By     Adolph     F.     Meyer,     consulting     hydraulic     engineer.     In     the 
original  report  this  paper  was  designated  as  appendix  2. 


ditions.  Although  there  were  spring  freshets  during 
these  years,  the  flow  at  Fargo  was  zero  during  five 
periods  aggregating  14  months.  The  flow  at  Grand 
Forks  fell  below  100  cubic  feet  per  second  during  1932, 
1933,  1934,  and  1935,  aggregating  23  months.  Many 
lakes  in  the  basin  fell  to  levels  below  the  elevation  of 
zero  out  flow.  Wells  ceased  flowing  and  had  to  be  aban- 
doned or  deepened.  The  ground-water  table  lowered. 
An  extreme  shortage  of  water  for  even  the  most  urgent 
domestic  and  sanitary  needs  existed  in  the  basin.  Sur- 
face supplies  vanislied  in  several  localities,  and  no 
potable  underground  supplies  were  available.  Water 
storage  and  stream  regulation  are  essential  means  for 
meeting  such  emergencies. 

According  to  Water  Supply  Paper  No.  772,  the  aver- 
age run-off  at  Grand  Forks  from  1882  to  1934  was  only 
1.25  inches,  and  evaporation  and  transpiration  losses 
averaged  19.67  inches,  assuming  no  progressive  change 
in  ground-water  storage  during  tliat  period.  This, 
however,  appears  doubtful.  The  indications  are  that 
ground  water  reserves  were  depleted  during  this  pe- 
riod. If  so,  the  evaporation  and  transpiration  loss  was 
still  nearer  20  inches. 

For  the  last  7  years,  1929  to  1935,  the  average  run- 
off at  Grand  Forks  was  only  0.36  inch  a  year.  This 
represents  an  extremely  small  amount  of  water  avail- 
able for  storage  and  stream  regulation. 

Hydrograph  of  Flow 

The  following  diagram  is  a  hydrograph  of  monthly 
mean  discliargc  of  the  Red  River  of  the  North  at 
Fargo  and  at  Grand  Forks.  It  shows  graphically  and 
impressively  the  severity  of  the  recent  drought. 

During  the  7  years  of  drought,  the  rainfall  was  very 
unequally  distributed  over  this  basin.  For  tliat  reason, 
storage  projects  located  in  different  portions  of  the 
basin  will  be  more  effective  than  a  consideration  of 
merely  the  average  run-off  would  indicate. 

During  the  spring  freshets  of  1929  and  1930,  there 
was  a  good  flow  at  Fargo  and  Grand  Forks.  During 
1931  and  1932,  the  si)ring  flow  at  Fargo  was  consider- 
ably less  than  during  the  previous  years.  At  Grand 
Forks  the  flow  in  the  spring  of  1932  was  much  greater 
than  in  1931.  The  crucial  drought  period,  from  the 
viewpoint  of  moderate-sized  storage  reservoirs  began 
after  the  spring  run-off  in  1932,  and  has  not  yet  ended 
from  the  viewpoint  of  being  able  to  fill  all  the  reser- 
voirs again  if  they  had  been  in  existence.  Since  the 
spring  of  1935,  however,  there  has  been  an  increase  in 
the  available  supply.    Rainfall  has  been  near  normal 
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and   evaporation    has   been    much    less   than    during 
previous  years. 

After  the  spring  run-off  in  1932,  most  of  the  lakes 
in  the  basin  were  apparently  at  fairly  high  levels.  The 
Red  Lakes  are  an  exception.  These  lakes  fell  contin- 
uously from  the  fall  of  1928  until  the  present  date, 
except  for  temporary  rises  during  May  and  Tune  of 
each  year.  In  April  1932,  the  flow  at  High  Land- 
ing, below  the  outlet,  represented  only  0.04  inch  in 
depth  on  the  drainage  basin,  but  outflow  was  prevented 
by  a  dam  built  in  1931. 

The  April  1932  Freshets 

Because  of  the  importance  of  conditions  prevailing 
in  the  spring  of  1932,  which  was  the  beginning  of  the 
crucial  drought  period  for  most  of  the  basin,  a  detailed 
study  has  been  made  of  precipitation  and  run-off  dur- 
ing the  fall,  winter,  and  spring. 

The  following  maps  give : 

1.  The  fall  precipitation  in  the  basin,  September  1 
to  October  31,  1931. 

2.  The  winter  and  early  spring  precipitation  in  the 
basin,  November  1,  1931,  to  April  10,  1932. 


3.  The  peak  discharge  of  the  main  stream  and  its 
tributaries  during  the  April  freshet  and  the  average 
discharge  for  April,  in  cubic  feet  per  second  per  square 
mile. 

The  fall  rains  were  heavy  over  the  lower  portion  of 
the  basin,  reaching  7  inches  at  Hallock.  The  average 
over  the  upper  basin  was  4  inches,  reducing  to  3  inches 
over  Lake  Traverse. 

The  winter  precipitation  and  the  April  rains  lead- 
ing up  to  the  freshet  crests  about  April  10  were  ex- 
cessive over  the  northeast  portion  of  the  basin  and 
along  the  eastern  divide.  The  maximum  was  reached 
in  the  Crow  "Wing  Basin  just  east  of  the  divide. 

As  the  result  of  heavy  fall  and  winter  precipitation, 
there  was  heavy  run-off  from  the  drainage  areas  in  the 
northeast  portion  of  the  basin,  resulting  in  a  flow  at 
Grand  Forks  equal  to  about  25  percent  of  the  maximum 
recorded  flood. 

The  yield  shown  for  the  Otter  Tail  Basin  is  very 
small.  However,  there  was  some  run-off  during  Feb- 
ruary and  March,  and  much  water  was  stored  in  Otter 
Tail  Lake.  Wlien  these  facts  are  taken  into  considera. 
tion,  the  yield  of  the  Otter  Tail  Basin  is  comparable 
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Red  River  of  the  North — Precipitation  causing  April  freshets,  195S 


Ada 

Alexandria 

Angus 

Argyle 

Artlcboke 

Baudette 

Beardsley— 

BemidjI 

Campbell 

Cass  Lake 

Crookston 

Detroit  Lakes— 

Fergus  Falls 

Fosston 

Gonvick 

Hallock 

Itasca 

Mahnomen 

Moorhead 

Morris 

Park  Rapids 

Redby 

Red  Lake  Falls. 


Station 


Minnetoia 


Septem- 
ber to 
October 


3.83 
2.69 
3.48 


November 
to  Apr.  10 


4.45 
4.00 
4.66 
3.11 
3.40 
9.16 
3.48 
8.10 
6.46 
6.71 
3.32 
4.99 
6.16 
7.60 
6.66 
4.38 
6.12 
3.39 
4.13 
6.16 
8.92 
8.18 
4.13 


September 
to  Apr.  10 


9.64 
7.33 
9  81 
9.09 
7.24 

14.16 
6.47 

11.98 

9.14 

9.67 

8.24 

9.33 

9.84 

^11.76 

'    8.20 

[11.61 

10.23 
7.18 
8.11 
9.98 

11.61 
8.66 


Station 


Afinnesofa— Continued 

Roseau 

Thief  River  Falls 

Wadena -. 

Warroad 

Washklsh 

Wheaton... 

North  Dakota 

Amenla 

Cooperstown..- 

Forman 

Grafton 

Grand  Forks 

Hillsboro - - 

Larimore— -- 

Lisbon - - 

MayvUle - 

McLeod -- 

Park  River 

Pembina _. 

Sharon __ 

Valley  City 

Wahpeton 


September 
to  October 


6.73 
4.71 
3.27 
6.26 
3.49 
2.65 


4.22 
4.21 

2.86 
6.76 
6.09 
4.93 
6.64 
4.40 
5.67 
3.82 
6.24 
4.96 
6.89 
4.16 
3.87 


November 
to  Apr.  10 


6.04 
6.73 


4.99 
4.79 

4.65 


3.18 
2.22 
1.99 
3.39 
4.60 
6.61 
4.41 
3.08 
217 
2.66 
1.77 
3.36 
3.87 
3.44 
3.33 


September 
to  Apr.  10 


10.77 
10.44 


10.24 
8.28 
7.20 


7.40 
6.43 

4.84 
10.14 
10.69 
10.54 
10.95 
7.48 
7.74 
6.37 
8.01 
8.31 
9.76 
7.6S 
7.20 


Red  River  of  the  north — Freshets,  April  1932 


Name  of  basin 


Red  at  Emerson 

Red  at  Grand  Forks 

Red  at  Fargo 

Otter  Tail  below  Pelican 

Crow  Wing  at  Nimrod 

Wild  Rice  at  Twin  Valley 

Buffalo  near  Dilworth _ 

Mustlnka  above  Wheaton 

Pomme  de  Terre  at  Appleton 

Wild  Rice  at  Abercromble ___ 

Sheyenne  at  West  Fargo 

Red  Lake  River  at  Crookston 

Thief  near  Thief  River  Falls 

Roseau  at  Ross 

Two  Rivers  at  Pelan  (south  branch) 

Forest  at  Minto 

Park  at  Grafton 

Pembina  at  Neche 


Area, 
square 
miles 


34,600 

25,500 

6,420 

1,960 

1,010 

806 

825 

776 

950 

1,070 

6,660 

6,320 

1,010 

1,030 

690 

660 

670 

2,960 


Peak  discharge 


Date, 
April 


Cubic  feet 
per  second 


18,900 

10,200 

868 

242 

464 

295 

311 

173 

72 

28 

1,040 

4,070 

1,310 

1,620 

1,140 

265 

660 

1,170 


Cubic  feet 

per  second 

per  square 

mile 


0.65 
.40 
.14 
.12 
.46 
.37 
.38 
.22 
.08 
.03 
.19 

>.76 
M.30 

1.47 

1.93 
.48 
.82 
.40 


Average  discharge 


Cubic  feet 
per  second 


7,810 

3,930 

232 

82 

386 

138 

123 

26 

41 

14 

651 

1,300 

342 

928 

239 

91 

165 

423 


Cubic  feet 

per  second 

per  square 

mUe 


0.23 
.15 
.04 
.04 
.38 
.17 
.16 
.03 
.04 
.01 
.10 
>.24 
5.34 
.90 
.40 
.16 
.23 
.14 


Run-ofI  in  acre-feet 


April 


466,000 

234,000 

13,800 

4,860 

23,600 

8,210 

7,320 

1,630 

2,460 

723 

32,800 

77,400 

20,400 

66,200 

14.200 

5,430 

9,220 

25,200 


October 

1931  to 

September 

1932 


772,000 
452,000 

38,100 

30,600 
1  165, 000 
■  27,800 
1  21, 700 
1  4,  312 
■11,200 

'1,650 

78,400 
138,000 

22,000 
115,000 

18,900 
1  10,  600 
>  13,200 

44,100 


'  Partly  estimated. 

»  When  the  Thief  Lake  area,  from  which  there  was  no  discharge,  is  deducted,  these  figures  become  2.10  and  0.65,  respectively. 

•  When  both  the  Thief  Lake  area,  from  which  there  was  no  discharge,  and  the  Red  Lake  area,  from  which  there  was  practically  no  discharge,  are  deducted,  these  figures  be- 
come 1.41  and  0.44,  respectively. 


with  the  yield  of  the  Crow  Wing,  Wild  Eice,  and  Buf- 
falo River  Basins  adjoining. 

The  yield  of  the  Red  Lake  Basin  above  High  Land- 
ing was  only  0.04  inch  in  April  1932,  but  the  Red 
Lakes  rose  at  least  0.5  foot  during  the  month.  This 
represents  more  than  1  inch  run-off  from  the  tributary 
drainage  area.  The  Thief  River  yielded  0.55  inch 
and  the  Roseau,  0.90  inch. 


The  run-off  above  Grand  Forks  during  April  1932 
was  nearly  four  times  as  much  per  square  mile  as  it 
was  at  Fargo. 

Reservoirs  in  different  portions  of  the  basin  will  real- 
ize the  maximum  storage  benefits  from  such  variations 
in  run-off  as  those  which  were  recorded  during  the 
spring  of  1932. 
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The  table  on  page  46  summarizes  the  most  important 
data  relating  to  the  April  1932  freshets.  The  outstand- 
ing facts  are  the  exti-emely  high  discharges  of  the 
streams  in  the  northern  portion  of  the  basin.  The  rea- 
son for  this  is  clearly  shown  by  the  maps  of  fall  and 
winter  precipitation.  Notwithstanding  the  heavy  run- 
off into  the  Red  Lakes,  these  lakes  did  not  recover  to  the 
level  of  the  previous  sjjring. 

The  contribution  of  the  Otter  Tail,  the  Dakota  Wild 
Rice,  and  the  Sheyenne  Rivers  to  the  flow  at  Grand 
Forks  in  Ai)ril  1932  was  extremely  small.  Lake  Trav- 
erse contributed  nothing;  nor  could  much  run-off  have 
been  expected,  because  both  fall  rains  and  winter  pre- 
cipitation were  the  lowest  in  the  entire  basin. 

Thief  and  Mud  Lakes  Projects 

Although  there  was  heavy  run-off  from  the  Thief 
River  Basin  in  April  1932  the  area  of  387  square  miles 
above  Thief  Lake  contributed  nothing  and  has  con- 
tinued to  contribute  no  flow  whatsoever  to  the  present 


date.  A  solid  overfall  spillway  dam  was  built  in  the 
outlet  in  1931,  and  the  lake  is  still  about  4  feet  below 
the  crest  of  the  dam.  It  has  been  slowly  rising  with 
spring  and  summer  fluctuations.  After  the  lake  is  full, 
there  will  he  some  outflow  in  wet  years. 

Another  dam  is  contemplated  at  the  outlet  of  Mud 
Lake,  with  the  Thief  River  diverted  permanently  into 
the  lake.  Both  of  these  lakes  are  of  substantial  size. 
They  have  been  estimated  at  about  7,000  acres  each, 
although  the  area  given  for  Mud  Lake  by  the  Depart- 
ment of  Drainage  and  Waters  is  nuich  less.  Both  lakes 
will  be  only  about  8  feet  deep  in  their  central  area. 
Evaporation  losses  will  be  heavy,  but  there  are  indica- 
tions of  substantial  percolation.  These  projects  will  not 
contribute  to  the  low-water  flow  at  Crookston  during 
extreme  drought  periods  unless  sluices  are  provided 
for  releasing  some  water  after  the  lakes  have  fallen 
below  the  level  of  the  crest  of  the  dams  at  the  outlets. 
The  ground-water  movement  is  probably  toward  the 
north,  away  from  Crookston  and  Grand  Forks. 
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Relative  Value  of  Several  Lakes 

The  diagram  on  page  47  gives  a  graphical  compari- 
son for  9  years  between  the  computed  evaporation 
from  Lake  Traverse,  Otter  Tail  Lake,  and  Red  Lake, 
using  the  relative  humidity  and  wind  velocity  observed 
at  Moorhead,  and  a  coeiEcient  of  10  in  the  Meyer  evap- 
oration formula  as  applied  to  all  three  lakes.  Since 
it  was  necessary  to  use  the  same  relative  humidity  and 
wind  velocity,  the  only  change  in  computed  evapora- 
tion from  these  three  lakes  is  due  to  changes  in  tem- 
perature. 

The  lower  evaporation  from  Red  Lake,  even  though 
the  higher  Red  Lake  Falls  temperatures  were  used, 
is  striking.  These  temperatures  are  appreciably  higher 
in  spring  and  lower  in  fall  than  the  Redby  tempera- 
tures on  the  southeast  side  of  the  lake.  Usually  the 
April  temperature  is  2°  or  3°  higher  and  the  Septem- 
ber and  October  temperature  is  about  1°  lower  than 
the  Redby  temperature.  If  the  water  temperature  of 
Red  Lake  itself  had  been  available,  this  would  have 
shown  still  greater  lag. 

The  precipitation  at  Redby  averaged  1.6  inches 
greater  than  that  at  Red  Lake  Falls. 

A  comparison  of  Mayville,  N.  Dak.,  and  Mahnomen, 
Minn.,  precipitation  does  not  show  a  corresponding 
difference  even  though  the  two  stations  are  in  rela- 
tively similar  locations,  except  with  respect  to  the  large 
water  area  of  Red  Lake.  Mayville  temperature  is 
uniformly  higher  than  Mahnomen  temperature. 

The  total  evaporation  from  Lake  Traverse  during 
the  9-year  period  was  246  inches;  the  rainfall  was  168 
inches,  making  a  net  loss  of  78  inches  in  depth  on  the 
lake,  irrespective  of  run-off  from  the  land  area. 

The  total  evaporation  from  Otter  Tail  Lake  during 
the  period  was  236  inches ;  the  rainfall  was  189  inches, 
making  a  net  loss  of  47  inches. 

The  total  evaporation  from  Red  Lake  during  the 
period  was  217  inches;  the  rainfall  was  179  inches, 
making  a  net  loss  of  38  inches. 

From  the  viewpoint  of  storing  water  for  use  at 
Grand  Forks  during  drought  periods,  Red  Lake  pos- 
sesses a  decided  advantage  over  Lake  Traverse,  and,  to 
some  extent,  also  over  Otter  Tail  Lake.  Red  Lake 
should  be  utilized  to  the  utmost.  If  fluctuation  inter- 
feres with  the  wild  rice  supply  for  tlie  Indians,  this 
food  need  should  be  met  in  other  ways.  It  should  not 
be  permitted  to  interfere  with  the  best  regulation  of 
Red  Lake  for  domestic  and  sanitary  water  needs  of 
cities  on  the  Red  River  of  the  North. 

Effect  of  Water  Areas  on  Rainfall 

During  the  last  9  years,  which  include  the  drought 
period,  the  Otter  Tail  Basin  had  the  highest  rainfalls, 
and  Lake  Traverse,  the  lowest.  This  may  be  a  for- 
tuitous circumstance,  or  it  may  be  an  indication  that 


the,  substantially,  20  percent  lake  and  pond  area  in  the 
Otter  Tail  Basin  has  had  some  effect  on  rainfall.  The  j 
unpublished  investigations  of  Prof.  J.  C.  Jensen,  of  \ 
Nebraska  Wesleyan  University,  made  in  the  Otter  Tail 
Basin  in  August  1935  indicate  that  the  air  on  the  lee- 
ward side  of  lakes  contained  about  25  percent  more 
moisture  than  the  air  on  the  windward  side  at  the 
same  time.  In  some  cases,  the  temperature  was  as 
much  as  9°  lower  on  the  leeward  side,  and  precipitation 
was  higher. 

A  paper  by  Professor  Jensen,  published  in  the  May 
1935  bulletin  of  the  American  Meteorological  Society, 
shows  that  there  was  gi-eater  rainfall  in  the  lake  region 
around  Watertown,  S.  Dak.,  during  the  summer  months 
of  1934  than  in  the  region  to  the  southwest. 

In  the  same  issue,  Mr.  J.  B.  Kincer,  of  the  United 
States  Weather  Bureau,  Washington,  D.  C,  contends 
that  increased  lake,  pond,  and  marsh  area  may  get 
moisture  into  the  air,  but  that  the  principal  diiEculty 
during  drought  periods  is  the  failure  of  "Nature's 
rain  factory"  to  operate  "in  a  manner  to  cause  sufficient 
condensation."  He  further  states,  "There  is  nearly 
always  enough  moisture  present  in  the  atmosphere  to 
produce  rain  in  substantial  amounts."  To  this  I  take 
exception.  In  fact,  in  the  same  issue  of  the  bulletin, 
Prof.  C.  F.  Brooks  remarked  that,  'The  smallness  of 
the  quantity  of  water  in  the  air  at  one  time  does  not 
seem  to  be  appreciated",  and  again,  "But  in  Nebraska 
there  are  thunderstorms  anyway ;  give  them  more  vapor 
and  they'll  rain." 

The  air  is  no  storehouse  for  moisture.  A  few  days' 
evaporation  after  a  heavy  rain  sends  about  as  much 
moisture  into  the  air  as  it  can  hold  in  the  face  of 
the  normally  prevailing  air  currents.  Even  under  the 
most  favorable  summer  conditions,  the  amount  of  rain 
^vhich  "Nature's  rain  factory"  could  produce,  uni- 
formly distributed  over  Minnesota,  from  the  moisture 
contained  in  the  overlying  air,  is  onlj'  about  half  an 
inch.  A  relatively  small  amount  of  additional  evapo- 
ration may  appreciably  affect  precipitation. 

Minor  Projects 

Besides  the  major  projects  for  storage  and  stream 
regulation  on  the  basin  of  the  Red  River  of  the  North, 
hereinafter  considered,  minor  storage  projects  should 
be  encouraged.  The  primary  goal  of  water  conserva- 
tion projects  is  the  retardation  of  surface  run-off  on 
its  way  back  to  the  ocean.  Surface  run-off  represents 
that  portion  of  continental  rainfall  which  is  derived 
from  the  ocean.  If  we  retard  it  and  cause  its  repeated 
evaporation  and  transpiration,  we  have  the  use  of  it 
over  and  over  again.  Rainfall  which  is  evaporated  or 
transpired  really  does  not  represent  a  loss.  It  repre- 
sents the  portion  of  the  rainfall  which  we  save  to  use 
over  and  over  again.     So-called  evaporation  and  trans- 
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piration  losses  represent  rainfall  derived  from  the 
land  areas.  They  represent  the  currency  with  wliich 
we  do  tlie  business  of  raising  croj^s.  We  should  keep 
this  currency  in  circulation.  Once  it  returns  to  that 
central  bank,  the  ocean,  we  have  to  wait  a  long  time 
before  we  get  it  back.  Every  farmer  can  help  retard 
and  conserve  tlie  run-off  and  thus  turn  it  into  rainfall. 
"Ponds  on  every  farm"  may  well  be  the  aim  of  water 
conservation.  Similarly,  fall  plowing,  check  dams, 
and  soil  conservation  projects  all  help  to  retard  sur- 
face run-off,  and  therel)y  increase  the  currency  of 
rainfall. 

Computing  Evaporation 

Inasiuucii  as  eva2Joration  losses  are  basic  to  all  con- 
clusions respecting  water  conservation,  a  brief  discus- 
sion of  the  method  here  used  in  computing  evaporation 
ma}'  not  be  amiss. 

After  much  preliminary  work  had  been  done  using 
figure  150  of  Elements  of  Hydrology,  by  Meyer,  for 
determining  evaporation  from  water  areas  on  the 
basis  of  monthly  mean  temperatures,  because  this 
method  was  very  rapid,  evaporation  was  computed 
by  means  of  the  Meyer  formula,  using  the  monthly 
wind  velocity  and  relative  humidity  observed  at  Moor- 
head,  Minn.  Tliis  Weather  Bureau  station  is  reason- 
ably rei^rcsentative  of  conditions  in  the  basin. 

Figure  150,  above  referred  to,  is  based  upon  mean 
values  of  relative  humidity  and  wind  velocity  for  each 
month.  The  records  show  that  there  are  pronounced 
variations  from  this  mean  value.  These  have  a  tre- 
mendous effect  upon  the  evaporation  in  different  j'ears 
even  though  the  temperature  is  the  same. 

The  Meyer  evaporation  formula  has  been  checked 
against  many  recorded  evaporation  measurements  in 
different  parts  of  the  country.  One  of  the  best  checks 
on  any  evaporation  formula  consists  of  comparing  ob- 
served hourly  evaporation  with  computed  hourly  evap- 
oration, lielatively  few  observations  of  this  type  are 
available.  One  of  the  best  records  is  that  for  Davis, 
Calif.,  published  in  Bulletin  248,  Office  of  Experiment 
Stations,  United  States  Department  of  Agriculture. 
Evaporation  was  measured  from  a  28-inch  depth,  22- 
inch  diameter,  water-jacketed  tank  set  in  the  soil. 
This  construction  caused  a  pronounced  lag  in  water 
temperature  behind  air  temperature. 

The  mean  of  the  maximum  and  minimum  air  tem- 
peratures on  July  12  to  13,  when  the  observations 
were  made,  was  1.8  degrees  higher  tlian  the  true  mean 
based  on  hourly  readings. 

The  mean  of  the  8  a.  m.  and  8  p.  m.  relative  humidity 
observations  was  -l.G  percent  higher  than  the  true  mean 
relative  humidity. 

It  requires  the  use  of  a  coefficient  of  9.2  in  the 
Meyer  formula  in  order  to  make  the  observed  hourly 


49 

evaporation  agree  with  the  computed  hourly  evapora- 
tion. It  retiuires  a  coefficient  of  11.8  in  tlie  Meyer 
formula  ai)plied  to  the  mean  daily  water  temperature, 
the  mean  of  the  maximum  and  minimum  air  tempera- 
ture, and  the  mean  of  the  8  a.  m.  and  8  p.  m.  relative 
humidity  to  make  the  observed  evaporation  for  the  day 
check  the  computed  evaporation  for  the  day.  Con- 
sidering the  type  of  evaporation  tank  used,  this  co- 
efficient is  reasonable. 

The  following  table  gives  the  observed  hourly  evap- 
oration and  the  hourly  evaporation  computed  by  the 
Meyer  formula,  using  a  coefficient  of  9.2. 

Observed  and  computed  hourly  evaporation  in  inches  al  Davis, 
Calif.,  July  12  to  13,  1910 


Hour 

Observed 

evapora- 
tion 

Computed 

by  Meyer 

formula 

Hour 

Observed 
evapora- 
tion 

Computed 
by  Meyer 
formula 

1  p.  m 

Inch 
0.015 
.018 
.020 
.028 
.027 
.025 
.021 
.020 
.017 
.014 
.011 
.010 
.011 

Inch 
0.015 
.017 
.022 
.024 
.027 
.025 
.025 
.019 
.017 
.013 
.012 
.012 
.010 

2  a  m 

Inch 
.010 
.008 
.007 
.008 
.007 
.006 
.006 
.008 
.007 
..007 
.008 

Inch 

009 

2  p.  m 

3  a.  m  _. 

008 

.008 

.008 

6  p.  m 

6  a.  m 

007 

.006 

.006 

8  p.  m      

9am 

006 

9  p.  m 

10  a.  m 

11a.  m 

12  a.  m 

Total.... 

.008 

10  p.  m 

11  p.  m 

12  p.  m 

1  a.  m 

.009 
.010 

.322 

.323 

The  hourly  evaporation  was  computed  from  the  ob- 
served hourly  water  temperature,  air  temperature,  rela- 
tive humidity,  and  wind  velocity. 

The  mean  of  the  8  a.  m.  and  8  p.  m.  relative  humidity 
was  63  percent.  The  mean  wind  velocity  was  6.8  miles 
per  hour.  The  mean  of  the  maximum  and  minimum 
air  temperature  was  72.2  degrees.  The  mean  water 
temperature  for  the  day  was  78.9  degrees.  Using  a 
coefficient  of  11.8  in  the  Meyer  formula,  with  the  va- 
por pressure  corresponding  to  the  water  temperature 
and  the  actual  vapor  pressure  in  the  air,  gives  a  daily 
evaporation  of  0.32  inch. 

Meyer  evaporation  formula 

E=C(V-v)(l  +  W/10) 

E= Evaporation  in  inches,  depth  per  month. 

C=10  for  large,  deep  lakes. 

C  =  15  for  very  shallow  water. 

V= Vapor  pressure  corresponding  to  estimated  water 
temperatures. 

v= Actual  vapor  pressure  in  air  based  on  air  tempera- 
ture and  relative  humidity  as  observed  by 
Weather  Bureau. 

W=Wind  velocity  in  miles  per  hour  as  observed  by 
Weather  Bureau. 
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The  Otter  Tail  Basin 
Basin  Characteristics 

The  Otter  Tail  drainage  basin  is  one  of  the  best  natu- 
rally regulated  basins  in  Minnesota.  The  foUoTring 
36-year  hydrograph  of  stream  flow  shows  this,  and 
also  emphasizes  the  last  5  years  of  unprecedented 
drought. 

Of  the  entire  drainage  area  of  1,920  square  miles,  14.5 
percent  consists  of  lake  surface  and  6.25  percent  of 
swamp  and  marsh  surface.  Four  hundred  and  six 
meandered  lakes  and  seven  hundred  and  one  nonme- 
andered  lakes  were  measured  by  the  Department  of 
Drainage  and  Waters  on  the  best  available  maps. 
Natural  lake  regulation  is  here  found  at  its  best.  Lakes 
of  many  sizes  are  scattered  throughout  the  drainage 
basin,  and  the  largest  of  these — namely,  Otter  Tail — is 
found  in  the  lower  part  of  the  basin.  A  normal  year's 
runoff  from  the  tributary  drainage  basin  represents 
only  2  to  3  feet  depth  on  Otter  Tail  Lake.  The  Otter 
Tail  River  has  no  real  floods.  The  masunum  observed 
flow  is  less  than  1  cubic  foot  per  second  per  square 
mile  of  drainage  basin. 
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The  upper  portion  of  the  Otter  Tail  Basin  is  wooded. 
Much  of  the  lower  portion  is  under  cultivation.  Con- 
siderable timber  and  brush,  however,  is  found  scattered 
throughout  the  lower  basin. 

The  topography  of  the  basin  is  distinctly  rolling. 
One  outstanding  feature  shown  on  the  following  profile 
is  the  existence  of  two  irregular  plateaus  with  a  rapid 
drop  in  elevation  between  them,  from  the  vicinity  of 
Height  of  Land  Lake  to  Detroit  Lakes.  According  to 
tlie  available  maps,  a  considerable  area  west  of  Height 
of  Land  Lake  and  northeast  of  Detroit  Lakes  has  no 
well-defined  outlet.  The  run-off  into  the  lakes  of  this 
area  is  apparently  disposed  of  by  evaporation  and  per- 
colation to  ground  water.  There  is  a  fall  of  about  120 
feet  in  6  miles  from  this  area  to  Detroit  Lakes.  Un- 
questionably, Detroit  Lakes,  which  show  a  very  small 
fluctuation  in  level,  are  fed  largely  by  ground  water 
from  the  northeast  and  north. 

After  drojjping  from  the  upper  plateau  region  to  the 
level  of  Detroit  Lakes  and  the  lakes  near  Frazee,  the 
surface  water  in  both  the  Pelican  and  the  Otter  Tail 
valleys  flows  slowly  from  lake  to  lake  on   another 
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plateau,  about  30  miles  long,  with  a  fall  of  less  than  1 
foot  to  the  mile.  Some  channel  improvement  and 
maintenance  here  appear  a  necessary  part  of  any 
stream  regulation  program.  Otter  Tail  Lake  and 
Prairie  Lake  are  near  the  lower  border  of  this  plateau. 
These  lakes  lie  at  two  corners  of  an  equilateral  triangle 
at  approximately  the  same  elevation,  with  Fergus  Falls 
at  the  third  corner  about  20  miles  away  and  200  feet 
lower. 

In  general,  the  lakes  on  the  higher  ground  of  the 
basin  with  relatively  small  drainage  area  show  the 
greatest  fluctuation  in  level  over  long  periods.  Those 
lakes  which  lie  on  the  main  streams,  on  the  whole,  show 
small  fluctuation  because  of  the  regulating  effect  of  all 
the  lakes  in  the  basin  above,  and  better  gi-omid  water 
support. 

During  normal  years,  the  Otter  Tail  Basin  shows  a 
fair  yield,  notwithstanding  the  necessarily  high  evap- 
oration and  transpiration  loss.  Although  the  slopes  are 
steep,  the  ground  is  fairly  absorptive.  Everything 
points  to  a  normally  good  gi'ound  water  supply.    Dur- 


irig  long  periods  of  deficient  rainfall,  however,  the 
ground  water  topography  flattens  out,  the  lakes  derive 
little  support  from  ground-water  inflow,  rains  are  in- 
sufficient to  produce  surface  run-off,  and  evaporation 
from  the  lake  areas  themselves  greatly  exceeds  jDrecipi- 
tation  on  those  areas.  The  inevitable  result  is  levels 
below  zero  flow  on  most  of  the  lakes  at  the  end  of  a  suc- 
cession of  extremely  di'y  years  such  as  the  period  fi-om 
1930  to  1935. 

Reservoir  Types 

There  are  two  types  of  reservoirs  which  may  be 
created  in  the  Otter  Tail  Basin.  The  one  type  consists 
of  primary  storage  reservoirs  on  lakes  of  relatively 
large  area  and  small  drainage  basin.  The  other  type 
consists  of  flow-regulating  reservoirs  on  lakes  which  are 
merely  enlargements  of  the  mam  stream  channels 
themselves.  Lakes  of  the  latter  type  are  normally  sup- 
plied with  ample  inflow,  and  from  such  lakes  peak  in- 
flow and  peak  outflow  ai'e  substantially  equal  in  mag- 
nitude and  coincident  in  time.    Lakes  of  the  former 
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type  have  inflow  rates  far  in  excess  of  their  peak  out- 
flow rates,  and  ni:ixiniuiii  inflow  precedes  ninxinnim  out- 
flow considerably  in  time.  Lakes  of  tliis  type  are  tlie 
best  for  long-time  storage  of  water  and  for  increasing 
percolation  to  ground  water.  The  second  type  of  lakes 
is  particularly  useful  for  ordinary  equalization  of  flow. 

They  can  usually  be  filled  annually.  As  a  rule,  only 
the  largest  of  these  lakes  can  hold  substantial  volumes 
of  water  in  storage  for  augmenting  the  rare  flows.  It 
is  primarily  a  question  of  the  relation  of  lake  area  to 
tributary  drainage  area. 

Lakes,  such  as  Otter  Tail  and  the  group  of  lakes  above 
Pelican  Rapids,  consisting  of  Prairie,  Lizzie,  Lida,  and 
several  smaller  lakes,  have  the  characteristics  of  both 
types  of  reservoirs.  They  have  suflicient  area  to  per- 
mit storage  of  water  for  long-time  equalization  of  flow 
in  addition  to  serving  as  normal-flow  regulating  reser- 
voirs, and,  therefore,  are  the  most  useful  in  the  basin. 

Otter  Tail  Lake  Levels 

Notwithstanding  the  relatively  uniform  level  nor- 
mally observed  in  Otter  Tail  Lake,  the  available  records 
indicate  that  there  has  been  substantial  fluctuation  in 
level  during  past  years.  Through  the  courtesy  of  the 
Otter  Tail  Power  Co.,  records  of  the  level  of  Otter  Tail 
Lake  at  the  outlet  have  l^een  secured  from  Novemlier 
1924  to  date.  Occasional  levels  were  taken  by  the 
United  States  Geological  Survey  and  tlie  Civilian 
Conservation  Corps  during  1933,  1934,  and  1935.  A 
hydrograph  of  lake  levels  follows. 

The  records  supplied  by  the  power  company  show  a 
high  level  of  1,319.33  in  June  1927  and  a  low  of 
1,317.71  on  October  22,  1931,  after  the  dam  was  built 
in  the  outlet.  This  represents  a  variation  of  1.6  feet. 
The  records  further  show  that  the  lake  reached  a 
ma.xinuun  of  1,319.60  on  June  21,  1935,  under  control. 
The  lowest  level  reached  since  1924  is  1,317.68  in  De- 
cember 1934  and  1,317.71  in  October  1931 — a  range  of 
only  1.9  feet  in  12  j^ears. 

Apparently  the  low-water  level  of  this  lake  was  not 
permitted  to  drop  to  as  low  an  elevation  as  the  lake 
would  have  attained  during  the  recent  dry  years  if 
there  had  been  no  dam  at  the  outlet.  For  example,  on 
September  27,  1933,  when  the  lake  level  was  1,318.67, 
the  level  below  the  dam  was  1,317.80.  On  June  26, 
1934,  when  the  lake  level  was  1,319.11,  the  lake  level 
below  the  dam  was  1,317.54.  On  Xovcmber  7,  1935, 
when  the  lake  level  was  1,318.49,  the  level  below  the 
dam  was  1,318.01. 

The  available  old  records  indicate  that  in  1897  Otter 
Tail  Lake  reached  a  stage  of  1,322.  In  June  and  July 
1899,  it  reached  a  stage  of  1,321.45,  but,  at  that  time, 
the  level  was  controlled.  In  July  and  August  1901  the 
controlled  level  reached  1,320.95.  The  low  water  of 
September  1910  was  1,317.5.    It  appears  that  the  ex- 
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treme  range  in  level  of  Otter  Tail  Lake  has  been  about 
4.5  feet. 

An  analysis  of  the  available  data  indicates  that, 
during  more  than  half  of  the  20  years  from  1899 
to  1919,  Otter  Tail  Lake  reached  levels  in  excess  of 
1,320,  and  frequently  reached  a  stage  of  1,320.5.  The 
normal  high  level  was  about  1,320  to  1,320.5. 

The  coiulition  of  the  natural  channel  at  the  outlet 
of  the  lake  indicates  that  the  extreme  low  water  level 
of  Otter  Tail  Lake  is  below  1,317.0,  and  that,  during  the 
dry  period  ending  in  December  1934,  riparian  owners 
below  the  lake  received  somewhat  less  water  than  they 
would  have  under  natural  conditions.  It  would  ap- 
pear to  be  entirely  in  line  with  natural  regulation  to 
allow  Otter  Tail  Lake  to  be  drawn  below  a  level  of 
1,317.0  during  a  period  of  extreme  dry  years  in  order 
to  maintain  a  reasonable  supply  of  water  for  domestic 
purposes  in  the  Otter  Tail  River  and  the  Red  River  of 
the  North.  At  such  times,  recreational  use  of  Otter 
Tail  Lake  should  be  subordinated  to  necessary  domestic 
water  supply.  Certainly  lower  riparian  owners  can 
demand  the  natural  low  water  outflow  when  needed. 

The  records  show  that,  during  the  summer  months, 
the  outflow  from  the  lake  has  been  seriously  affected 
by  weed  growth.  During  the  winter,  the  outflow  has 
been  affected  by  ice  conditions.  No  constant  relation 
exists  between  lake  stage  and  discharge.  This  pre- 
vents accurate  estimates  of  outflow  from  observed  lake 
levels. 

Ground  Water  Storage 

During  an  extreme  dry  period,  the  release  of  water 
from  storage  reservoirs  will  yield  more  than  the  vol- 
ume represented  by  the  drop  in  lake  level.  The  ground 
water  will  contribute  a  substantial  flow.  Similarly, 
the  retardation  of  outflow  from  other  lakes  in  the  basin, 
through  dam  regulation,  will  increase  percolation  to 
ground  water  and  thus  improve  stream  regulation  to  a 
gi-eater  extent  than  is  represented  by  the  surface  stor- 
age available  in  those  lakes  at  the  beginning  of  a  dry 
period.  In  this  respect,  the  Otter  Tail  Basin  differs 
radically  from  the  rocky  basins  of  northeastern  Min- 
nesota, where  ground  water  storage  is  nil. 

Further  Flow  Equalization 

Although  the  Otter  Tail  Basm  is  naturally  well  regu- 
lated, it  is  entirely  practicable  further  to  equalize  the 
flow  of  the  stream  below  Fergus  Falls  by  the  creation 
of  a  large  number  of  small  storage  and  regulating 
reservoirs  in  the  basin. 

In  competing  the  effect  of  storage  reservoirs,  how- 
ever, care  must  be  taken  not  to  overestimate  the  regu- 
lating effect  of  the  available  volume  of  surface  storage. 
It  is  not  correct,  for  example,  to  assume  that  the  entire 
volume  of  water  between  low  water  and  full  reservoir 
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Figure  17 


level  represents  storage  which  is  available  for  equal- 
izing stream  flow.  As  a  matter  of  fact,  unless  either 
the  low-water  level  of  a  lake  is  lowered  or  the  high- 
water  level  is  raised,  the  artificial  surface  storage  effect 
is  relatively  small.  This  is  true  because  man  is  doing 
nothing  more  than  to  utilize  the  same  storage  capacity 
that  nature  utilized.  The  best  that  man  can  do  under 
those  circumstances  is  to  retard  the  outflow  and  there- 
by to  lengthen  the  period  during  which  the  stored 
water  is  released.  This  means  primarily  annual  equal- 
ization of  flow,  as  against  long-time  equalization. 

No  great  increase  in  the  extreme  low-water  flow  of 
any  stream  over  a  period  of  years  can  be  produced 
through  surface  run-off  by  merely  utilizing  the  natural 
storage  range  of  the  lakes  in  the  basin.  The  long-time 
equalization  of  surface  flow  effected  by  a  given  reser- 
voir is  measured  by  tlie  volume  of  water  in  the  reservoir 
at  the  beginning  of  the  di'ought  period  in  excess  of  the 
volume  which  nature  would  have  stored  there.  On 
the  other  hand,  retardation  of  outflow  will  increase 
percolation  to  ground  water  and  thereby  tend  to  main- 
tain a  higher  ground  water  level  throughout  the  basin. 


Thus,  ground  water  storage  will  become  available  dur- 
ing an  extreme  dry  period  of  years  when  all  of  the 
lakes  drop  below  the  normal  low-water  levels,  and  of- 
ten far  below  the  level  of  zero  outflow.  T\lien  run-off 
is  reduced  to  an  inch  or  less  a  year  from  the  drainage 
basin,  a  little  flattening  of  the  ground  water  topography 
can  i^roduce  a  substantial  flow. 

A  list  of  57  lakes  in  the  Otter  Tail  Basin,  constituting 
possible  W.  P.  A.  projects,  has  been  furnished  me,  giv- 
ing the  area  in  acres  and  the  possible  depth  of  con- 
trol between  the  level  of  the  outlet  channel,  i.  e.,  the 
level  of  zero  flow,  and  the  high-water  level.  This 
"control  depth"  is  6.0  feet  on  Otter  Tail  Lake,  7.5  feet 
on  Rush,  7.5  on  Detroit  Lakes,  12.0  on  Melissa,  and 
from  4  to  6  feet  on  most  of  the  otlier  lakes.  The  total 
lake  area  tabulated  is  99.067  acres,  representing  a  pos- 
sible so-called  storage  capacity  of  518,700  acre-feet. 
This  amount  of  water  would  have  supplied  142  cubic 
feet  per  second  for  5  years.  Obviously,  however,  only 
a  small  portion  of  this  storage  space  can  ever  be  avail- 
able for  further  regulation.  Nature  already  utilizes 
most  of  it. 
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Summer  resort  lakes  cannot  be  Huctuated  greatly 
without  insurmountable  opposition.  Moreover,  no  such 
volume  of  stored  water  is  needed  for  domestic  and  sani- 
tary purposes  down  river  and  cannot  economically  be 
provided  for  any  or  all  conceivable  purposes  on  the 
Ked  River  of  the  North. 

So  far  as  surface  storage  is  concerned,  the  crux  of 
this  entire  problem  lies  in  the  determination  of  the  nat- 
ural lake  levels  which  existed  in  this  basin  at  the  be- 
ginning of  the  recent  unprecedented  drouglit,  and  the 
extent  to  which  these  levels  could  liave  been  increased 
economically  by  storage. 

In  April  1932,  a  discharge  of  10,200  cubic  feet  per 
second  was  recorded  in  the  Red  River  at  Grand  Forks. 
This  is  25  percent  of  the  maxinunn  observed  flood  flow. 
At  Fargo,  where  the  drainage  area  is  6,420  square 
miles,  808  cubic  feet  per  second  was  observed  on  April 

11.  The  Otter  Tail,  below  the  mouth  of  the  Pelican, 
discharged  242  cubic  feet  per  second  on  April  10,  but 
averaged  only  82  cubic  feet  per  second  for  the  month. 
Basins  adjoining  the  Otter  Tail  in  the  west,  north,  and 
east  showed  considerable  spring  run-otf.  The  Mus- 
tinka,  wilii  1,460  square  miles,  discharged  173  cubic 
feet  per  second  on  April  7.  The  Buffalo,  near  Dil- 
worth,  discharged  311  cubic  feet  per  second  on  April 

12.  The  Wild  Rice  at  Twin  Valley,  with  805  square 
miles,  discharged  295  cubic  feet  per  second  on  April  9. 
The  Crow  Wing  at  Nimrod  averaged  over  400  cubic 
feet  per  second  during  April  and  May,  from  a  drain- 
age area  of  1,010  square  miles. 

Notwithstanding  good  spring  run-off  from  surround- 
ing basins  and  a  level  of  1,319.15  in  Otter  Tail  Lake  on 
June  30,  1932,  representing  a  rise  from  1,317.73  the 
previous  November,  extreme  low-water  conditions  were 
encountered  at  Fargo  by  the  end  of  November  1932 
when  zero  flow  was  recorded.  The  mean  discharge  of 
the  Otter  Tail  below  the  Dayton  Hollow  Dam  in  No- 
vember 1932  was  18  cubic  feet  per  second.  Evidently 
this  small  flow  was  lost  by  the  wayside. 

A  relatively  narrow,  deep,  and  straight  improved 
channel  is  necessary  for  carrying  small  flows  between 
Otfei-  Tail  Lake  and  Breckenridge.  The  effectiveness 
of  channel  improvement  was  demonstrated  in  the  fall  of 
1934  when  water  released  from  Otter  Tail  Lake  was  car- 
ried down  to  Fergus  Falls  and  Breckenridge  in  greatly 
reduced  time  through  a  channel  improved  in  August 
and  September  of  that  year. 

The  available  lecords  of  spring  run-off  on  the  Otter 
Tail  and  adjacent  basins  indicate  that  in  April  and  May 
of  1932  most  of  the  lakes  in  the  basin  must  have  been  at 
a  fairly  high  stage.  The  effect  of  possible  future  sur- 
face storage  must  be  measured  from  the  conditions 
which  existed  in  the  basin  in  the  spring  of  1932.  There 
is  no  indication  that  sufficient  storage  capacity  can  be 
provided  in  the  basin  for  carrying  forward  water  stored 


from  tiie  freshets  of  1930  or  1931,  except  probably  on 
the  outlying  lakes  in  the  basin  which  have  small  di'ain- 
age  areas. 

Contribution  of  Lakes  to  Run-off 

The  following  table  presents  data  and  computations 
bearing  on  the  (juestion  of  the  extent  to  which  lake 
areas  contribute  to  stream  flow.  A  glance  at  the  col- 
umns of  gain  and  loss  indicates  that  the  contribution 
of  lakes  varies  from  large  plus  values  to  large  minus 
values,  deijending  upon  the  rainfall  and  the  monthly 
temperature,  relative  humidity,  and  wind  velocity. 

The  maxinunn  excess  precipitation  over  evaporation 
was  substantially  16  inches  in  1916.  The  maximum 
excess  of  evaporation  over  precipitation  was  more  than 
20  inches  in  1934.  These  records  emphasize  the  need 
for  more  stations  in  Minnesota  antl  elsewhere,  at  which 
relative  liumidity  and  wind  velocity  are  measured.  An- 
other station  is  needed  in  southwestern  portion  of  the 
State.  Mr.  Hovde,  the  local  United  States  meteorolo- 
gist, has  recommended  the  establishment  of  a  com- 
plete Weatlier  Bureau  station  at  International  Falls. 

When  the  variation  from  a  gain,  or  excess  precipita- 
tion, of  more  than  1  foot  to  a  loss,  or  excess  evaporation 
from  lake  areas  of  from  1  to  2  feet  is  noted,  it  becomes 
apparent  that  the  assumption  that  precipitation  and 
evaporation  balance  each  other  is  far  from  the  truth, 
except  as  a  general  average  over  a  long  period  of  years. 

Since  storage  projects  are  concerned  with  the  conser- 
vation of  water  for  use  during  dry  years,  the  necessity 
for  taking  into  consideration  a  continuous  excess  of 
precipitation  from  water  areas  for  a  number  of  years 
in  succession  becomes  apparent. 

Evaporation  was  computed  by  means  of  the  Meyer 
formula,  using  tlie  monthly  mean  tenqjerature  at  Fer- 
gus Falls  and  the  monthly  relative  humidity  and  wind 
velocity  at  Moorhead,  with  a  coefficient  of  11  in  the 
formula.  From  1888  to  1890,  Moorhead  tenq)eratures 
were  used  because  no  observations  were  available  for 
Fergus  Falls. 

From  1901  to  1909,  inclusive,  water  areas  contributed 
a  total  of  over  6  feet  in  depth  due  to  excess  precipita- 
tion over  evaporation  loss. 

From  1928  to  1935,  inclusive,  water  areas  lost  over 
6  feet  in  depth  due  to  excess  evaporation  over  precipi- 
tation. 

Mass  Curve  of  Inflow 

From  the  actual  observed  outflow  and  lake  level, 
with  some  values  estimated  where  no  actual  records 
were  available,  the  following  mass  curve  of  inflow  into 
Otter  Tail  M-as  prepared. 

For  tlie  purposes  of  studying  die  regulating  effect 
of  this  lake,  an  ordinary  maximum  level  of  1,320.5  was 
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otter  Tail  Basin — contribution  of  lakes  to  run-off 
llnches  depth  on  water  area] 


Year 

Precipi- 
tation 

Evapo- 
ration 

Gain 

Loss 

Year 

Precipi- 
tation 

Evapo- 
ration 

Gain 

Loss 

Year 

Precipi- 
tation 

Evapo- 
ration 

Gain 

Loss 

1888 

19.66 
15.87 
20.16 
20.15 
26.61 
22.14 
15.77 
21.83 
34.00 
22.80 
21.20 
26.90 
26.20 
25.10 
23.40 
26.10 
23.40 

21.57 
27.02 
24.24 
26.39 
17.62 
23.61 
31.02 
27.09 
23.82 
20.95 
22.59 
22.87 
27.24 
21.08 
19.21 
21.13 
19.15 

1.91 
11.15 
4.08 
6.24 

1905 

30.40 
31.00 
21.00 
28.30 
29.00 
13.80 
24.40 
25.90 
28.50 
26.70 
27.90 
32.20 
16.70 
20.90 
30.20 
24.20 
24.60 

16.68 
15.72 
17.30 
19.30 
15.83 
25.23 
19.90 
20.27 
21.02 
19.73 
16.22 
16.22 
21.20 
23.18 
20.23 
20.08 
27.09 

14.72 
15.28 
3.70 
9.00 
13.17 

1922 

26.40 
22.90 
24.00 
25.70 
22.40 
24.60 
25.00 
19.40 
19.40 
22.10 
19.60 
22.10 
14.70 
22.30 

27.11 
25.75 
23.84 
23.25 
26.62 
21.81 
27.19 
27.03 
29.22 
29.77 
28.80 
34.78 
34.89 
27.12 

1.71 

1906 

1923 - 

2.85 

1890 

1907 -- 

1924 

.16 
2. 45 

1891 

1908 

1925 

1892 

8.99 

1909 

1926 

4.22 

1893 

1.47 
16.25 
6.26 

1910 

11.43 

1927 

2.69 

1911 

4.50 
6.63 
7.48 
6.97 
11.68 
15.98 

1928 

2.19 

189S 

1912 

1929 

7.63 

10.18 
1.85 

1913 

1930.- 

9.82 

1914 

1931. 

7.67 

1898 

1.39 

1915 

1932 

9.20 

4.03 

1916 

1933 

12.68 

1900 

1.04 

1917 

4.60 
2L28 

1934 

20.19 

1901 

4.02 
4.19 
4.97 
4.25 

1918 - 

1935 

4.82 

1919 

9.97 
4.12 

Mean.. 

1903 

1920 

23.67 

23.29 

.38 

1921 

2.49 

assumed.  This  substantially  represents  ordinary  high 
water  according  to  the  available  information.  During 
extreme  flood  inflows,  water  should  be  stored  up  to 
about  1,322.0  if  necessary.  This  represents  the  high 
water  of  1897.  Below  a  level  of  1,320.5,  water  should 
be  released  sparingly,  deijending  upon  storage  avail- 
able on  lakes  above  Otter  Tail.  Wlien  a  stage  of  1,319 
is  reached,  the  release  should  be  limited  to  tlie  most 
urgent  needs  for  domestic  and  sanitary  jjurposes.  At 
the  end  of  a  period  of  extreme  drought  such  as  1934, 
the  lake  might  be  drawn  down  to  1,316.5.  This  is  ap- 
proximately its  natural  extreme  low  level  under  such 
conditions  as  those  which  prevailed  recently. 

As  previously  stated,  the  effect  of  surface  storage  in 
lakes  is  determined  by  the  extent  to  which  the  natural 
lake  levels  at  the  beginning  of  the  drought  period  could 
have  been  increased  by  regulation  and  tlie  extent  to 
which  the  levels  prevailing  at  the  end  of  the  period 
could  have  been  reduced  through  regulation.  The 
mass  curve  shows  that,  insofar  as  the  low-water  re- 
serve in  Otter  Tail  Lake  itself  is  concerned,  the  drought 
began  July  1,  1932.  At  Fargo,  the  river  dropped  to  a 
mean  of  33  cubic  feet  per  second  in  June  1932.  At  that 
time,  Otter  Tail  Lake  was  at  an  elevation  of  1,319.05. 
This  is  1.45  feet  below  the  proposed  regulated  level. 
On  March  1,  1935,  when  there  again  was  sufficient  flow 
at  Fargo,  Otter  Tail  Lake  was  at  1,318.15.  It  is  pro- 
posed to  permit  drawing  tlie  lake  to  1,316.5  under 
similar  conditions. 

The  natural  range  in  levels  of  Otter  Tail  Lake  be- 
tween the  beginning  and  the  end  of  the  governing 
drought  period  at  Fargo  was  only  0.9  foot.  It  is  pro- 
posed to  increase  this  range  to  4.0  feet.  The  additional 
3.1  feet  of  storage  on  Otter  Tail  Lake  would  have  per- 
mitted the  continuous  discharge  of  an  additional  23 
cubic  feet  per  second. 


During  some  s2:)ring  months,  however,  no  additional 
water  is  required  at  Fargo.  During  March,  April, 
May,  and  June  1933,  and  April  1934,  the  stream  flow 
at  Fargo  was  ample.  From  June  1932,  to  March  1935, 
the  flow  at  Fargo  was  less  than  50  cubic  feet  per 
second  for  28  months. 

The  average  flow  at  Fargo  from  July  1932  to  De- 
cember 1935  was  exactly  equal  to  the  average  flow  of 
the  Otter  Tail  below  the  Dayton  Hollow  Dam. 

The  loss  in  transit  between  Otter  Tail  Lake  and 
Fargo  appears  to  vary  between  10  and  20  cubic  feet  per 
second.  An  improved  channel,  by  reducing  the  water 
surface  and  the  time  of  transit,  should  reduce  this 
loss  more  than  the  increased  stage  (corresponding  to 
the  increased  regulated  flow)  would  increase  the  loss. 

From  June  1,  1932,  to  March  8,  1935,  the  aggregate 
deficiency  in  stream  flow  below  50  cubic  feet  per  sec- 
ond at  Fargo  was  1,188  cubic  feet  per  second  months, 
or  22,500  acre-feet.  No  deduction  is  made  for  excess 
spring  run-off  at  Fargo,  which,  of  course,  could  not 
liave  been  stored.  Only  a  negligible  portion  of  it 
came  from  Otter  Tail  Lake. 

An  additional  storage  of  3.1  feet  on  Otter  Tail  Lake 
between  the  levels  previously  stated  represents  45,700 
acre-feet,  or  755  cubic  feet  per  second  months.  This 
storage  would  have  maintained  a  flow  of  35  cubic  feet 
per  second  at  Fargo.  The  remaining  deficiency  of 
15  cubic  feet  per  second  could  have  been  supplied  from 
26,000  acre-feet  of  additional  effective  storage  on  other 
lakes  above  Otter  Tail  and  on  the  Pelican  River. 

Storage  on  Pelican  River 

According  to  the  available  information,  there  has 
been  practically  no  flow  at  the  mouth  of  the  Pelican 
River,  except  a  little  run-off  from  local  showers,  from 
1930  to  1935.    Most  of  the  lakes  in  the  basin  fell  sev- 
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eral  feet  below  the  level  of  zero  outflow.  Just  what 
the  stage  in  tliese  lakes  was  at  the  beginning  of  the 
drought,  no  one  knows.  It  is  probable,  however,  thai 
2.5  feet  of  effective  storage  could  have  been  made  avail- 
able on  Pi'airie,  Lida,  Lizzie,  and  Crystal  Lakes.  The 
combined  area  of  these  lakes,  below  the  meander  line, 
is  12,500  acres.  Assuming  an  average  area  of  11,000 
iicros,  there  would  liave  been  27,500  acre-feet  of  storage 
available.  Tiii.s  amount  added  to  45.700  acre-feet  on 
Otter  Tail  Lake  would  have  provided  a  total  of  73,200 
acre-feet  of  effective  storage,  wliich  is  sufficient  to  as- 
sure a  minimum  flow  of  50  cubic  feet  per  second  at 
Fargo  under  conditions  that  resulted  in  an  unregulat- 
ed minimum  flow  of  less  than  10  cubic  feet  per  second 
for  20  months  between  June  1932  and  March   1935. 

A  dam  above  Pelican  Rapids  will  control  the  level 
of  Praiiie.  Lida,  and  Lizzie  Lakes.  Better  channel 
interconnection  should  be  provided  between  these  lakes. 
Lida  can  be  raised  with  Pelican  River  water  before 
run-off  from  its  own  small  basin  would  return  it  to 
normal.  This  will  help  Lida,  while,  at  the  same  time, 
storing  spring  run-off  and  increasing  percolation. 

Additional  storage  may  advantageously  be  provid- 
ed on  such  lakes  as  Height  of  Land  and  Round  Lakes 
on  the  main  stream  and  outlying  lakes  such  as  Star, 
Dead,  Long,  and  Connorant,  with  small  drainage 
areas. 

Methods  of  Regulation 

The  results  here  set  forth  represent  what  could 
have  been  accomplished  if  the  reservoirs  had  been  in 
exi.stence.  In  order  to  insure  that  such  benefits  will 
be  realized  in  the  future,  the  reservoirs  must  be  con- 
trolled by  competent  authority;  the  available  stored 
water  must  be  conserved  and  judiciously  utilized 
through  the  yeai-s  of  drought  in  spite  of  adverse  pro- 
tests from  conflicting  interests. 

Although  more  stored  water  could  be  released  dur- 
ing ordinary  low-water  years,  there  is  always  the 
danger  that  the  following  spring  may  not  yield  suffi- 
cient inflow  to  fill  the  reservoirs  again,  and  then  it 
will  be  impossible  to  maintain  the  contemplated  de- 
pendable flow.  The  vei-y  essence  of  the  expression  "de- 
pendable flow"  is  a  flow  that  will  not  fail  under  the 
most  serious  conditions  reasonably  to  be  anticipated. 
This  means  that  during  ordinary  droughts  like  that  of 
1931,  the  available  stored  water  must  not  be  drawn 
upon  to  an  extent  sufficient  to  increase  the  flow  at 
Fargo  to  more  than  50  cubic  feet  per  second ;  otherwise 
the  reservoirs  cannot  be  refilled  in  the  succeeding 
spring  like  that  of  1932,  and,  therefore,  the  so-called 
"dependable  outflow"  cannot  be  maintained  during  the 
following  years  of  extreme  drought  like  1933  and 
1934.  There  will  be  many  times  when  those  in  control 
of  the  reservoir  will  be  urged  to  release  more  water, 
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and  perhaps  9  years  out  of  10,  or  even  more  than  that, 
additional  water  could  be  released  during  dry  sum- 
mers and  the  reservoirs  refilled  during  the  following 
spring.  Those  instances  will  be  cited,  and  the  gov- 
erning authority  chidcd  for  its  timidity,  but  the  day 
will  inevitably  come  when  the  so-called  "dependable 
flow"  cannot  be  maintained  if  higher  rates  of  flow  are 
permitted  during  ordinary  years  so  as  to  deplete  the 
storage  to  an  extent  where  the  reservoirs  cannot  be 
refilled  during  the  following  spring. 

While  aiming  to  conserve  water  for  maintaining  the 
given  dependable  flow  at  Fargo,  the  necessity  for  flood 
control  in  wet  years  must  not  be  overlooked.  When- 
ever sufficient  run-off  to  fill  the  reservoirs  is  assured, 
water  must  be  wasted.  During  periods  of  excessive 
flood  inflow  into  the  large  reservoirs  on  the  main 
stream,  water  must  be  wasted  promptly,  and  wasting 
at  relatively  high  rates  must  continue  until  the  lake 
level  is  down  again  to  the  established  ordinary 
maximum. 

Each  main-stream  reservoir  will  consist  essentially 
of  two  parts — a  low-water  reservoir  and  a  flood  res- 
ervoir.   Both  i>arts  will,  to  some  extent,  be  used  also 
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for  annual  flow  equalization.  However,  the  practical 
depth  of  storage  on  the  lakes  in  this  basin  is  so  small 
that  no  definite  amount  of  storage  can  be  set  aside 
for  annual  flow  equalization  in  the  interest  of  power 
development.  Such  benefits  must  remain  incidental 
to  the  use  of  the  available  storage  capacity  for  water 
conservation  on  the  one  hand,  and  flood  prevention  on 
the  other.  There  will  be  material  equalization  in  the 
flow  of  the  main  stream,  but  the  release  of  stored 
water  must  be  governed  by  domestic  and  sanitary  water 
needs  and  with  a  view  to  reducing  flood  crests. 

Storage  on  Other  Lakes 

There  are  many  other  lakes  in  the  Otter  Tail  Basin 
which  may  desirably  be  controlled.  Such  lakes  as 
Height  of  Land  and  Bound,  on  the  main  stream,  are 
satisfactory  reservoirs  for  improving  surface  flow. 
Other  lakes  with  small  drainage  areas  such  as  Star, 
Dead,  Long,  and  Cormorant  can  only  be  used  to  in- 
crease percolation  and  evaporation  and  help  with  an- 
nual flow  equalization  during  normal  years.  From 
the  viewpoint  of  increasing  low-water  flow  during 
extreme  drought  periods,  such  lakes  serve  only  through 
their  effect  in  maintaining  better  ground  water  levels 
in  the  vicinity.  Li  some  cases,  this  effect  will  be  too 
local  to  be  of  any  value  to  the  main  stream.  However, 
stabilization  of  levels  on  outlying  lakes  with  small 
drainage  areas,  by  holding  back  spring  run-off  until 
fall  or  until  it  disappears  through  evaporation  and 
percolation!  will  improve  the  recreational  value  of 
these  lakes  by  providing  more  uniform  summer  levels. 

Although  the  beneficial  effects  of  storing  water  on 
outlying  lakes  with  small  drainage  basins  may  not  be 
readily  demonstrable  insofar  as  the  main  stream  is  con- 
cerned, nevertheless  there  is  certain  to  be  some  regu- 
latory effect  during  ordinary  years.  So  far  as  extreme 
floods  on  the  main  stream  are  concerned,  the  effect  is 
not  likely  to  be  beneficial  because  ordinary  run-off 
will  normally  have  filled  all  of  these  lakes  to  the  point 
of  overflow  before  extreme  flood-producing  conditions 
prevail  over  the  whole  basin. 

Control  Works 

In  providing  control  works  on  all  lakes  with  large 
tributary  drainage  areas  where  it  is  not  intended  to 
raise  the  natural  extreme  high-water  level,  it  is  neces- 
sary to  provide  an  outflow  capacity  at  the  higher  lake 
stages  in  excess  of  that  prevailing  under  natural  con- 
ditions, and  constant  regidation  is  required.  Tlie  dam 
itself  should  be  made  a  little  wider  than  the  narrow- 
est point  of  the  natural  outlet.  The  sill  should  be 
placed  a  little  below  the  natural  stream  bed,  and  the 
channel  immediately  below  the  dam  should  be  cleaned 
out  so  as  to  provide  a  better  get-away  in  time  of  high 
water.    If  this  is  done,  the  spring  run-off  can  be  stored 
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and,  instead  of  allowing  it  to  run  out  during  the  early 
sunnner,  it  can  be  held  until  late  fall  and  winter. 

If,  under  those  conditions,  with  a  lake  level  higher 
than  natural,  excessive  summer  or  fall  rains  are  ex- 
perienced, the  control  dam  must  be  opened  so  as  to  pro- 
vide more  rapid  outflow  than  nature  would  have  pro- 
vided at  that  stage.  Otherwise  the  lake  will  inevitably 
rise  to  a  stage  in  excess  of  its  natural  high-water  level. 

In  the  case  of  outlying  lakes  with  small  tributary 
drainage  areas,  it  ajjpears  desirable,  in  order  to  reduce 
maintenance  and  ojjeration  costs  and  to  make  outflow 
capacity  instantly  available  in  case  of  excessive  rain- 
falls of  short  duration,  to  use  long  overfall  dams  with 
a  small  sluice,  together  with  channel  improvement  be- 
low the  dams.  Pipes  should  be  placed  in  the  crests 
of  the  dams  to  permit  the  use  of  flashboards  which 
would  go  out  during  extreme  local  floods. 

There  is  a  decided  advantage  in  building  pier  and 
stop-log  dams  in  the  outlets  of  outlying  lakes,  depend- 
ing upon  manual  control  so  as  to  be  able  to  build  these 
structures  before  the  property  owners  around  the  lake 
have  come  to  an  agreement  on  desirable  lake  levels,  or 
flowage  rights  have  been  acquired ;  but  such  structures 
possess  one  undesirable  feature — namely,  thei-e  is  com- 
plete dependence  on  manual  control  of  outflow  even 
though  flood  crests  on  these  lakes  may  be  reached  a  few 
hours  after  the  beginning  of  excessive  rainstorms.  The 
man  who  is  supposed  to  take  out  the  stop  logs  may  live 
near  the  dam,  but  excessive  rains  may  occur  on  holi- 
days, wedding  days,  and  other  special  occasions  when 
he  may  be  absent,  or  perhaps  he  may  be  too  fully 
occuj^ied  with  saving  hay,  grain,  stock,  or  other 
Ijroperty  to  go  to  the  dam  through  a  pouring  rain. 

Even  though  it  rejiresents  partial  duplication  of 
structures,  there  is  much  to  be  said  in  fa^'or  of  the 
construction  of  long  overfall  weirs  with  reasonably 
adequate  stop-log  sections  in  the  center  so  that  excessive 
flood  inflows  of  short  duration  may  find  escape  over  the 
long  overfall  weirs  even  if  the  stop  logs  are  not  re- 
moved. Until  the  property  owners  are  readj^  to  have 
the  lake  fully  controlled,  all,  or  part,  of  the  stop  logs 
may  be  kept  out  of  the  dam. 

Required  Tributary  Land  Areas 

Outlying  lakes  with  small  drainage  areas  cannot  be 
depended  upon  for  surface  storage  during  periods  of 
extreme  drought  because  the  tributary  drainage  areas 
are  not  sufficient  to  maintain  the  lakes  at  their  normal 
levels,  much  less  afford  increased  outflow.  During 
such  periods  of  extreme  drought  as  the  recent  one, 
evajDoration  from  water  areas  so  far  exceeds  precipita- 
tion on  those  areas  that  lakes  in  the  Otter  Tail  Basin 
may  be  expected  to  shrink  to  an  area  such  that  the 
tributary  land  area  is  about  10  times  the  exposed  water 
area.    In  other  subbasins  of  the  Red  River  of  the  North, 
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wliere  tlie  run-off  from  the  land  area  is  less,  the  ratio 
of  required  land  area  to  water  area  is  much  greater. 

By  way  of  illustration,  it  may  be  noted  that  in  a 
year  like  1934,  the  evajwration  from  water  area  was 
about  20  inclies  in  excess  of  the  precipitation  on  those 
areas.  During  that  j'ear,  the  yield  of  the  land  areas 
was  generally  less  than  half  an  incli.  If  such  conditions 
continued  for  several  years,  the  lake  area  would  slirink 
until  it  was  one-fortieth  of  the  size  of  the  tributary 
land  area.  On  basins  from  which  the  average  run-off 
is  one-tenth  of  an  inch,  the  required  ratio  of  land  area 
to  water  area,  in  a  year  like  193-1,  is  200  to  1.  The  rea- 
son for  the  lowering  and  shrinkage  of  lakes  during  the 
recent  drought  is  apparent. 

Storage  in  Lake  Traverse 

The  extent  to  which  it  is  physically  possible  to  uti- 
lize Lake  Traverse  as  a  reservoir  for  conserving  water 
during  wet  years  for  domestic  and  sanitary  use  on  the 
Red  River  of  the  North  may  be  determined  by  balancing 
rainfall  on  the  lake  and  inflow  into  the  lake  from  the 
tributary  drainage  area  against  outflow  from  the  lake 
and  evaporation  from  the  lake  surface  during  such  a 
dry  period  as  that  which  extended  from  1930  to  1935. 

Physical  Data 

The  area  of  Lake  Traverse  has  varied  through  the 
years  from  over  30  square  nules  at  high  stages  such  as 
that  of  1916  to  nothing  in  November  1934.  During 
July,  August,  and  September  of  that  year,  evaporation 
exceeded  precipitation  on  the  lake  by  more  than  11 
inches  and  the  tributary  streams  were  all  dry. 

The  area  of  the  tributary  basin  at  White  Rock  is 
1,335  square  miles.  The  supply  to  the  lake  is  derived 
largely  from  surface  run-off  following  heavy  spring 
and  early  summer  rains,  particularly  when  these  are 
preceded  by  heavy  winter  snowfall.  Some  low-water 
inflow  comes  from  the  Moraine  area  of  the  upper  Mus- 
tinka  Basin  which  adjoins  the  Otter  Tail  Basin.  At 
the  end  of  a  period  of  extreme  drought  the  ground- 
water supply  to  this  lake  completely  vanishes. 

The  area  of  the  Mustinka  Basin  at  AVheaton  is  775 
square  miles.  Records  of  the  flow  of  the  Mustinka  and 
of  the  outflow  from  Lake  Traverse  were  furnished  b\' 
the  United  States  Geological  Survey.  No  records  of 
the  level  of  Lake  Traverse  during  the  last  5  years  were 
available,  outside  of  the  fact  that  the  lake  was  entirely 
dry  in  1934  and  that  in  1935  it  had  recovered  sufficiently 
to  be  about  three-fourths  of  a  mile  wide  with  a  maxi- 
mum depth  of  about  2  feet.  Residents  around  the  lake 
may  have  made  some  observations  which  would  be  use- 
ful if  available. 

Outflow  from  Lake  Traverse  ceased  completely  in 
July  1930.  The  stage  of  zero  outflow  is  about  971.5.  In 
June  1922,  which  is  the  last  available  record  of  lake 


level,  the  elevation  was  973.3.  During  1924  and  1925, 
there  was  no  outflow  whatsoever,  and  there  was  prac- 
tically none  during  1926.  The  entire  outflow  from  1923 
to  1930,  inclusive,  was  29,000  acre-feet,  corresponding 
to  about  2  feet  depth  on  the  lake. 

Computed  Evaporation  Loss 

In  the  absence  of  lake  level  records  since  1922,  the 
evaporation  loss  from  Lake  Traverse  has  been  computed 
by  the  Meyer  formula,  using  the  monthly  mean  tem- 
perature at  Beardsley  and  the  monthly  mean  relative 
Jiumidity  and  wind  velocity  at  Moorhead,  about  90 
miles  north  of  the  lake. 

The  following  table  summarizes  by  years  the  annual 
precipitation  and  computed  evaporation,  together  with 
the  annual  gain  or  loss  from  1894  to  1935. 

During  1894,  1910,  1921,  1922,  1929,  1930,  1931,  and 
1932,  evaporation  exceeded  precijiitation  on  the  lake  by 
about  1  foot.  During  1933  and  1934  the  excess  was 
over  22  inches.  The  total  excess  from  1931  to  1934  was 
72  inches.  The  average  excess  from  1894  to  1935  was  1.7 
inches  a  year. 

During  1935  the  rainfall  on  the  lake  almost  equaleil 
the  evaporation.  There  was  about  7,000  acre-feet  in- 
flow from  the  tributary  drainage  area.  As  a  conse- 
quence, the  lake,  which  had  been  completely  dry  in 
1934,  made  sufficient  recovery  to  be  about  2  feet  deep  at 
the  deepest  point. 

During  1930  the  outflow  from  the  lake  was  6,600  acre- 
feet.  During  1931  there  was  no  outflow.  The  inflow 
from  the  tributary  drainage  area  was  only  about  1,300 
acre-feet.  During  1932  and  1933  the  inflow  was  about 
2,000  acre-feet  each  year.  During  1934  the  inflow  was 
about  600  acre-feet.  The  total  inflow  from  October  1, 
1930,  to  the  end  of  1934  was  5,900  acre-feet.  During 
this  time  the  lake  area  shrank  in  size  from  about  20 
square  miles  to  nothing. 

Checks  on  Computed  Evaporation 

If  Lake  Traverse  is  regulated,  it  will  be  necessary  to 
assume  an  average  lake  area  of  more  than  25  square 
miles.  The  total  inflow  from  1931  to  1934,  inclusive, 
represents  only  about  half  a  foot  in  depth  on  this  lake 
area.  During  the  same  period,  the  total  evaporation 
loss  from  the  water  area  exceeded  the  precipitation  on 
that  area  by  72  inches.  In  other  words,  if  we  assume 
that  Lake  Traverse  had  been  converted  into  a  reservoir 
which  was  full  to  a  level  of  975  on  October  1,  1930,  then 
the  level  of  the  lake  would  have  fallen  to  969.5  by  the 
end  of  1934,  even  if  no  water  whatsoever  had  been  re- 
leased for' use  on  the  river  below.  Evidently,  the  lake 
would  have  to  be  raised  to  a  much  higher  level  to  afford 
any  useful  storage  cajjacity  during  a  period  of  extreme 
drought. 
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Evaporation  was  computed  by  means  of  the  Meyer 
formula,  using  the  monthly  mean  temperature  at 
Beardsley  and  the  montMy  mean  relative  humidity 
and  wind  velocity  at  Moorhead,  with  a  coefficient  of 
11  in  the  formula. 

Montlily  mean  precipitation  at  Wlieaton  and  Beards- 
ley  was  averaged  fi-om  1915  to  1935.  Prior  to  1915, 
Beardsley  records  alone  were  available. 

During  the  15  years  from  1921  to  1935,  the  computed 
evaporation  loss  continually  exceeded  the  precipitation 
on  the  lake  area.  The  total  excess  evaporation  was 
12.5  feet. 

During  the  6  years  from  1911  to  1916,  precipitation 
continually  exceeded  the  evaporation  fi'om  the  lake 
area.    Tlie  total  excess  precipitation  was  nearly  4  feet. 

During  the  8  years  from  1902  to  1909,  the  excess 
precipitation  was  nearly  5  feet. 

From  1931  to  1934,  computed  excess  evaporation  over 
precipitation  and  inflow  should  have  lowered  Lake 
Traverse  about  5.5  feet,  from  a  level  of  about  971  to 
about  965.5.  Actually,  the  lake  was  dry  in  November 
1934.  No  exact  information  is  available  resjiecting 
the  elevation  of  the  lake  bottom.  The  lowest  recorded 
soundings  show  levels  in  excess  of  967,  but  these  do 
not  cover  the  main  body  of  the  lake  which  is  probably 
at  an  elevation  of  about  965.  This  constitutes  a  fair 
large-scale  check  on  the  evaporation  computations. 

The  last  heavy  inflow  into  Lake  Traverse  occurred 
in  the  spring  of  1922.  From  October  1,  1921,  to 
September  30,  1922,  the  Mustinka  delivered  42.000 
acre-feet,  equivalent  to  nearly  3  feet  depth  on  the 
lake.  The  remainder  of  the  tributary  drainage  basin 
probably  delivered  about  10,000  acre-feet  more.  The 
outflow  from  Lake  Traverse  that  year  was  35,000 
acre-feet,  leaving  a  balance  of  17,000  acre-feet.  The 
computed  excess  evaporation  of  14.3  inches  for  that 
water  year  represents  about  16,000  acre-feet.  The  lake 
level  was  only  slightly  lower  at  the  end  of  the  year 


than  it  was  at  the  beginning.  This  also  constitutes  a 
reasonably  good  check  on  the  evaporation  computa- 
tions. 

Lake  Levels  and  Outflow 

During  the  high-water  years  of  1914,  1915,  and  1916, 
Lake  Traverse  could  have  been  filled  to  practically  any 
level  which  may  conceivably  be  established  for  regula- 
tion purposes.  The  reservoir  could  have  been  kept 
nearly  full  during  the  following  years. 

During  1921  there  was  a  small,  fairly  uniform  out- 
flow from  the  lake  during  most  of  the  year,  indicating 
a  lake  stage  of  slightly  over  972.  In  August,  the  flow 
dropped  to  practically  nothing,  but  there  was  a  little 
recovery  in  September  as  the  result  of  heavy  rains. 
Beardsley,  near  the  lake,  recorded  6.15  inches. 

In  the  spring  of  1922,  based  upon  t)\e  discharge  rec- 
ords and  a  lake  level  reading  of  973.3  on  June  1,  1922, 
the  lake  reached  a  stage  of  974.4.  Judging  from  the 
discharge  records.  Lake  Traverse  remained  close  to 
972  throughout  the  year  1923.  During  1924  and  1925 
it  fell  below  that  level.  During  1926  there  was  a  very 
slight  outflow  in  March  and  none  the  rest  of  the  year, 
indicating  a  level  below  972.  The  year  1927  was  a 
year  of  heavy  fall  and  winter  precipitation  with  spring 
floods  in  most  of  Minnesota.  However,  the  rainfall 
records  do  not  indicate  unusual  conditions  around  Lake 
Traverse,  except  for  heavy  April,  May,  and  June 
precipitation.  This  is  reflected  in  an  outflow  of  40 
cubic  feet  per  second  in  April  with  a  lake  stage  of 
about  972.5.  The  average  outflow  for  the  year  was 
10  cubic  feet  per  second. 

From  1923  to  1930,  the  total  outflow  from  the  lake 
was  29,000  acre  feet,  or  about  3,700  acre  feet  a  year. 
This  would  probably  have  been  just  about  sufficient  to 
maintain  the  larger  lake  area  at  a  liigher  regulated 
level.  From  1931  to  the  end  of  1934,  there  would  have 
been  a  net  loss  due  to  excess  evaporation  of  5.5  feet  in 
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Year 

Precipi- 
tation 

Evapo- 
ration 

Gain 

Loss 

Year 

Precipi- 
tation 

Evapo- 
ration 

Gain 

Loss 

Year 

Precipi- 
tation 

Evapo- 
ration 

Gain 

Loss 

1894 

17.86 
18.16 
31.60 
27.70 
24.02 
31.28 
20.43 
20.16 
24.56 
28.97 
24.87 
25.11 
30.74 
16.28 
31.63 

32.65 
27.98 
24.15 
21.61 
22.63 
23.42 
27.73 
21.89 
19.41 
20.97 
19.28 
15.62 
15.15 
17.10 
18.98 

14.79 
9.82 

1909 

19.30 
15.46 
28.23 
25.73 
25.67 
31.58 
26.16 
27.10 
16.24 
23.00 
24.24 
25.46 
18.48 
17.16 
17.84 

16.18 
25.53 
20.19 
21.01 
22.26 
20.68 
17.12 
17.50 
21.86 
23.93 
24  65 
21.71 
30.50 
28.30 
26.20 

3.12 

1924 

23.56 
17.68 
18.86 
20.19 
21.26 
17.75 
20.43 
17.64 
16.62 
15.64 
13.72 
24  70 

24  20 
24  40 
26.90 
22.00 
28.00 
28.20 
29.60 
32.00 
29.20 
38.20 
36.20 
26.90 

0.64 

1895 

1910 

10.07 

1925 

6.72 

1896 

7.45 
6.09 
1.39 

7.86 

1911        

8.04 
4  72 
3.41 
11.00 
9.04 
9.60 

1926    . 

8.04 

1897 

1912 

1927 

1  81 

1898 

1913  - 

1928 

6  74 

1899 

1914 

1929 -- 

10.45 

1900 

7.30 
1.73 

1915 

1930 

9.17 

1901    

1916 

1931 

14  36 

1902 

5.15 
6.00 
6.59 
9.49 
15.59 

1917 

6.62 
.93 
.41 

1932 

12  68 

1903 

1918 

1933     

22.66 

1904 

1919 

1934 

22  48 

1905 

1920 

3.75 

1935 

2.20 

1906 

12.02 
11.14 
8.36 

Mean . . 

1907    

.82 

1922 

22.41 

24.09 

1  68 

1908 

12.65 

1923 
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depth.  Tliis  would  have  brought  tlie  hvke  down  to 
974.5  if  a  logulutcd  level  of  980  had  been  established. 
If  the  lake  Imd  been  drawn  down  to  971.5  by  the  end  of 
1934,  it  would  have  been  possible  to  discharge  about 
30  cubic  feet  per  second  for  6  months  of  each  year  dur- 
ing the  period  of  4  years.  No  flood  control  would,  of 
course,  have  been  possible  under  such  a  plan  of  regula- 
tion.  Storage  above  980  would  have  been  necessary 
during  wet  summers  if  the  flood  outflow  from  the  lake 
was  not  to  be  greatly  increased.  About  4  feet  would 
be  necessary  for  ordinary  flood  control  purposes  above 
the  stage  of  980.  Maxinunu  flood  inflows  would  re- 
([uire  much  more  storage  if  outflow  were  limited  to 
1,000  cubic  feet  per  second.  However,  it  does  not  pay 
to  build  relatively  expensive  reservoirs  for  protecting 
agricultural  lands  from  possible  crop  losses  once  in  50 
or  100  years.  This  phase  of  the  subject  is  discussed 
later. 

Conclusions 

It  is  evident  from  the  data  and  considerations  pre- 
sented that  Lake  Traverse  is  of  relatively  little  value 
for  water  conservation  purposes.  The  tributary  drain- 
age area  is  small;  the  precipitation  on  the  basin  is  low; 
and  the  evaporation  loss  from  the  lake  itself  is  very 
high.  Dean  Cliandler  has  estimated  the  average  53- 
year  run-olT  from  this  basin  as  0.2  inch  per  year,  equal 
to  20,000  acre-feet  per  year.  This  is  by  far  the  lowest 
run-off  from  any  portion  of  the  basin  of  the  Red  River 
of  the  North.  Dean  Chandler's  estimate  checks  my 
own,  based  on  the  period  1916  to  1935. 

From  the  viewpoint  of  possible  future  control  of 
Lake  Traverse,  two  alternatives  may  be  considered: 

1.  Level  Stabilization  Project. — ^A  pi-oject  of  this 
type  would  aim  at  maintaining  as  uniform  levels  as 
possible  without  reference  to  the  effect  of  such  regula- 
tion on  the  outflow,  which  would  inevitably  be  detri- 
mental. A  dam  could  be  constructed  in  the  outlet  for 
the  purpose  normally  of  maintaining  a  level  of  975 
in  the  lake.  Outflow  capacity  could  be  provided  capa- 
ble of  discharging  a  sufficient  portion  of  the  maximum 
probable  flood  inflow  to  prevent  the  lake  from  exceed- 
ing its  natural  extreme  high-water  mark  of  about  977.2 
established  in  1882.  An  improved  channel  below  the 
outlet  of  the  lake  would  be  reciuired,  capable  of  carry- 
ing away  a  discharge  of  2,000  cubic  feet  per  second  at 
a  lake  stage  of  975.  This  rate  of  outflow  corresponds 
approximately  to  the  natural  flood  outflow  at  the 
extreme  high-water  stage. 

2.  Flow  Equalization  Project. — A  project  of  this  type 
would  result  in  large  variations  in  lake  level,  but  flood 
outflows  would  be  reduced  and  low  outflows  would  be 
increased.  A  dam  could  be  constructed  in  the  outlet 
of  the  lake  with  a  crest  elevation  of  about  988.  Flow- 
age  rights  would  have  to  be  acquired  to  elevation  985. 


In  time  of  extreme  flood  inflow  it  might  be  necessary 
to  permit  the  lake  to  rise  to  practically  that  level  for 
a  few  days.  A  normal  level  of  978  could  be  established 
below  which  water  would  be  conserved.  The  lake 
might  have  to  be  drawn  down  to  a  level  of  about  972 
during  extieme  tirought  conditions.  Such  a  project 
as  this  would  pi-event  all  ordinary  flood  outflows  and 
materially  reduce  the  maxinunu  prol)iible  flood  outflow. 
The  Bois  des  Sioux  River  below  the  outlet  of  Lake 
Traverse  should  be  improved  to  provide  a  channel 
capacity  of  about  750  cubic  feet  per  second. 

From  the  viewpoint  of  water  conservation,  such  a 
project  would  provide  about  2  feet,  or  30,000  acre-feet, 
of  effective  storage  to  be  held  as  a  low-water  reserve 
for  emergency  use  in  increasing  the  flow  at  Fargo 
during  extreme  droughts. 

Under  this  plan  of  regulation  there  would  be  a 
maximum  probable  fluctuation  in  lake  level  from  about 
970  to  985,  or  15  feet. 

Flood  Protection 

for  Agricultural  Lands 

In  considering  flood  jirotection  for  agricultural  lands, 
two  widely  different  situations  present  themselves: 

1.  The  project  may  be  for  the  protection  of  those 
low-lying  lands  whicli  are  parts  of  farms,  the  gi-eater 
portion  of  which  are  not  subject  to  overflow,  with  farm 
houses,  barns,  and  other  buildings  above  high  water. 
Farm  lands  in  the  river  valleys  of  the  Northwest  are 
generally  of  this  type. 

2.  The  project  may  be  for  the  protection  of  farm 
lands  in  wide,  flat  valleys,  subject  to  deep  inundation, 
where  the  entire  farms,  together  with  the  land  on  which 
the  buildings  are  located,  the  roads,  and  all  other  im- 
provements, are  suljmerged  below  the  flood-water  plane 
to  such  an  extent  and  for  such  a  period  of  time  as  com- 
pletely to  demoralize  life.  Farm  lands  in  the  alluvial 
valley  of  the  lower  Mississippi,  where  the  flood  waters 
reach  a  width  of  20  to  50  miles  for  weeks  at  a  time,  are 
of  this  type. 

Although  the  lower  portion  of  the  Red  River  Valley 
is  wide,  by  far  the  gi-eater  portion  of  the  valley  land 
belongs  to  the  former  class.  Most  of  the  farm  buildings 
and  parts  of  most  farms  are  on  ground  which  is  above 
the  flood  level.    The  major  loss  is  the  crop  loss. 

It  is  necessary  to  determine  the  extent  to  which  it  is 
practicable  and  economical  to  protect  agi-icultural  lands 
from  crop  losses.  Lands  subject  to  spring  floods  may 
be  cultivated  later  in  the  season.  Usually  they  do  not 
suffer  seriously  from  tlie  deposition  of  debris  and  some- 
times profit  materially  from  the  deposition  of  compara- 
tively rich  silt  washed  down  from  the  uplands. 

Lands  subject  to  summer  floods  may  be  cultivated  if 
the  floods  do  not  occur  too  frequently;  otherwise,  they 
may  be  used  as  hay  lands.    The  extent  to  which  hay 
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lands  are  valuable  depends  upon  the  ability  of  the  indi- 
vidual farmer  to  utilize  the  hay  crops  for  feeding  stock 
or  for  sale. 

In  1922,  in  connection  with  Minnesota  River  projects, 
I  made  a  rather  complete  analysis  of  the  subject  of  pro- 
tecting croplands  and  derived  certain  curves  for  use  in 
determining  the  depreciation  of  lands  subject  to  crop 
losses  once  in  a  given  number  of  years.  At  that  time  I 
used  relatively  high  values  for  lands  and  buildings  and 
an  interest  rate  of  6  percent.  In  the  present  instance 
I  am  using  a  land  value  of  $60  per  acre,  exclusive  of 
buildings,  with  interest  and  taxes  at  6.5  percent. 

The  following  analysis  leads  to  the  conclusion  that 
it  does  not  pay  to  protect  agricultural  land  from  crop 
losses  which  do  not  occur  at  least  once  in  about  15 
or  20  years,  unless  flood  protection  can  be  secured 
at  relatively  low  cost.  Usually  the  cost  of  flood  pro- 
tection increases  rapidly  and  disproportionately  with 
the  protection  afforded.  For  example,  the  maximum 
flood  on  Lake  Traverse  may  necessitate  about  10  feet 
of  storage  on  the  lake.  The  15-year  flood  may  require 
a  storage  of  only  2  or  3  feet. 

Lands  worth  $60  per  acre,  exclusive  of  buildings, 
would  still  be  worth  about  $40  per  acre  if  subject  to  a 
crop  loss  once  in  15  years.  In  other  words,  protection 
against  the  maximum  flood,  which  would  cost  at  least 
four  or  five  times  as  much  as  protection  against  the 
ordinary  flood,  would  increase  the  value  of  the  land 
only  about  one-third. 

Lands  flooded  every  2  or  3  years  have  no  value  for 
crop  raising  purposes.  Crop  lands  flooded  about  once 
in  8  years  would  have  a  value  of  about  $30  per  acre, 
or  half  their  full  value. 

The  rate  of  interest  return  on  the  land,  buildings, 
and  equipment  has  a  material  influence  on  the  per- 
centage land  is  depreciated  by  one  crop  loss  in  a  given 
number  of  years.  Wliere  a  6-percent  interest  rate  is 
used,  lands  suffering  one  crop  loss  in  10  years  would 
retain  about  two-thirds  of  their  fuU  value,  whereas, 
when  a  4-percent  interest  rate  is  used  and  all  other 
elements  kept  the  same,  such  lands  would  retain  only 
57  percent  of  their  value. 

Computing  value  of  agricultural  land  subject  to  crop  loss  once 
in  a  given  number  of  years 

ASSUMPTIONS 

Land    (exclusive   of   buildings),    not    subject   to   over- 
flow, per  acre $60.00 

Interest  and  taxes percent i5.  5 

Required  annual  return  per  acre $3.  30 

Buildings  (including  dwelling)  per  acre $15.00 

Interest,    taxes,    Insurance,    maintenance,    and    de- 
preciation  percent 12. 0 

Required  annual  return  per  acre $1.  80 

Machinery  and  equipment  per  acre $7.  00 

Interest,    taxes,    insurance,    maintenance,    and    de- 
preciation  percent 20. 0 


Machinery  and  equipment  per  acre — Continued. 

Required  annual  return  per  acre $1.  40 

Annual  labor  cost  of  crop  per  acre: 

Preparing  soil  and  seeding $7.00 

Seed 2.  00 

Harvesting  and  threshing 3.00 

Required  annual  return  per  acre $12. 00 

Required   total  annual  crop   return  per  acre   on   land 

and  labor $18.  50 

Required    annual    crop    return    per    acre   exclusive    of 

return  on  capital  invested  in  land $15.  20 

ILLUSTEATION 

When  a  crop  is  lost  through  a  summer  flood,  the  owner 
loses : 

Return  on  buildings $1.80 

Return  on  machinery  and  equipment 1. 40 

Return  for  labor  preparing  soil  and  seeding 7.  00 

Ccst  of  seed 2.00 

Total  loss  (per  acre) 12.20 

In  order  to  get  a  return  on  both  labor  and  capital  in- 
vested in  land,  buildings,  and  machinery  as  above 
indicated,  the  farmer  must  get  $18.50  per  acre  in  crops 
each  year.  If  he  suffers  one  crop  loss  in  10  years,  the 
return  will  be: 

Nine  crops  at  $18.50 166.  50 

The  cost  of  farming  will  be: 

9  years'  cost  of  preparing  soil,   seeding  and  har- 
vesting  108.  CO 

1  year's  preparation  of  soil  and  seeding 9. 00 

10  years'  required  return  on  buildings,  machinery 

and  equipment 32.  (X) 

Total  cost   (per  acre) 149.00 

The  difference  between  the  return  ($166.50)  and 
the  cost  ($149)  is  $17.50.  This  represents  10  years' 
return  on  the  capital  invested  in  land,  or  $1.75  per 
year,  which,  capitalized  at  5.5  percent,  gives  the  land 
a  value  of  $32  per  acre. 

Similarly,  if  one  crop  is  lost  every  15  years,  the 
land  is  worth  $41  per  acre;  if  one  crop  is  lost  every 
25  years,  the  land  is  worth  $49  per  acre ;  if  one  crop  is 
lost  every  50  years,  the  land  is  worth  $55  per  acre; 
and  if  one  crop  is  lost  every  5  years,  the  land  is  worth 
only  $15  per  acre. 

Curves  can  be  plotted  which  present  these  relation- 
ships graphically.  It  is  apparent  that  protection 
against  frequent  flooding  pays  much  better  dividends 
than  protection  against  rare  flooding.  If  we  assume 
that  farmers  lose  one  crop  every  few  years  because  of 
drought,  hail,  or  other  causes,  then  the  occasional  crop 
loss  through  flooding  becomes  still  less  significant. 

Where  the  major  loss  from  floods  is  confined  to  the 
depreciation  of  agricultural  lands,  and  where  it  is 
desired  to  combine  water  conservation  with  flood  pro- 
tection in  what  will  virtually  consist  of  two  reservoirs 
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at  the  same  site,  it  is  important  to  consider  the  relative 
value  of  water  conservation  and  flood  protection. 

Regulation  of  Red  Lake 

Red  Lake,  in  Minnesota,  presents  an  unusual  prob- 
lem in  stream  fl<nv  regulation.  Tlie  combined  area  of 
tlie  Upper  and  Lower  Red  Lake  is  434  square  miles. 
The  total  tributary  drainage  area  is  1,950  square  miles. 
The  ratio  of  land  area  to  water  area  is  only  3  to  1. 
During  years  of  heavy  rainfall,  the  large  lake  area 
contributes  materially  to  run-off.  During  periods  of 
drought,  tiie  lake  falls  ra^iidly  due  to  excess  evapora- 
tion over  precipitation. 

Outflow  and  Inflow 

The  records  of  outflow  from  Red  Lake  and  of 
the  level  of  botlx  the  upper  and  the  lower  lake  are 
rather  incomplete.  Nevertheless,  the  available  records 
ofi'er  a  reasonable  basis  for  computing  net  inflow  into 
the  lake  during  the  last  10  jears. 

As  a  clieck  upon  tlio  inflow  derived  from  the  outflow 
plus  or  minus  tlie  change  in  storage  on  the  lake, 
evaporation  from  the  lake  area  lias  been  computed  on 
the  basis  of  the  observed  monthly  relative  humidity  and 
wind  velocity  at  Moorhead  and  the  observed  monthly 
temperature  at  Red  Lake  Falls.  During  tlie  suninier 
montlis,  the  prevailing  winds  in  this  region  are  from 
the  northwest.  In  consequence,  temperatures  on  the 
southeast  side  of  Red  Lake  at  Redby  are  materially 
lower  than  they  are  at  Red  Lake  Falls.  Since  the 
warmer  northwesterly  winds  coming  past  Red  Lake 
Falls  are  a  better  index  to  evajioration  from  Red 
Lake  tlian  the  cool  lake  breezes  at  Redby  on  the  south- 
east shore  of  the  lake,  the  Red  Lake  Falls  tempera- 
tures were  used  in  computing  evaporation.  A  small 
lag  in  water  temperature  in  spring  and  fall  was 
estimated. 

The  table  below  gives  the  annual  precipitation, 
computed  evaporation,  and  the  gain  or  loss  in  inches  of 
depth  on  the  water  area.  The  temperature  at  Red  Lake 
Falls  was  partly  estimated.  A  coefficient  of  eleven  was 
used  in  the  Mej'er  evaporation   formula. 
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Prevailing  Levels 

The  following  hydrograph  of  the  level  of  Red  Lake 
shows  that  the  highest  level  reached  during  recent 
years  was  1,176.6  in  June  1927.  This  was  a  year  of  ex- 
ceptionally high  Mater  in  northern  Minnesota.  Other 
high-water  years  were  191G,  when  about  the  same  stage 
was  reached;  1905,  when  a  slightly  higher  stage  was 
reached;  and  1901,  when  a  stage  of  1,170.3  was  reached. 
Following  the  1927  high  water,  there  was  good  inflow 
during  1928  and  1929  as  shown  by  the  liydrograph. 

The  lowest  level  reached  by  Red  Lake  during  the 
recent  drought  was  1,171.4  on  September  30,  1934. 

Beginning  May  1,  1929,  the  lake  fell  rapidly  and, 
except  for  spring  rises,  it  fell  continuously  until  the 
lowest  level  was  reached  in  September  1934.  During  this 
period,  the  excess  of  computed  evaporation  from  the 
lake  over  precipitation  on  the  lake  area  was  61  inches, 
or  5.07  feet.  The  observed  fall  in  lake  level  during  this 
period  was  4.35  feet.  The  outflow  during  the  period 
averaged  82  cubic  feet  per  second.  This  represents  1.15 
feet  on  the  lake,  leaving  3.20  feet  for  evaporation  loss, 
less  run-off  from  the  land  area  during  this  period. 

Evaporation  and  Transpiration 
from  Land  Area 

As  a  fiii'ther  check,  evaporation  and  transpiration 
losses  were  computed  by  months  for  the  9-ycar  period. 
The  precipitation  minus  losses  for  the  period.  May  1. 
1929,  to  September  30,  1934,  amounted  to  4.22  inches  on 
the  land  area.  This  is  equivalent  to  1.22  feet  on  the 
lake  area.  Subtracting  the  run-off,  1.22  feet,  from  the 
computed  evaporation,  5.07  feet,  leaves  3.85  feet  com- 
puted loss,  as  against  3.20  feet  observed  loss  for  the 
514-year  period.  This  represents  an  error  of  only  0.32 
inch  a  year  in  the  computed  losses  from  the  drainage 
area. 

Maintaining  100  Cubic  Feet  Per  Second  at  Crookston 

The  following  mass  curve  of  inflow  into  Red  Lake 
is  based  upon  the  observed  and  estimated  outflow  and 
the  observed  and  estimated  change  in  lake  level.  Three 
lines  of  outflow  are  shown. 
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Gain 
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1921    

18.37 
22.10 
16.42 
22.21 
25.73 
25.79 

24.12 
23.77 
24.55 
21.24 
21.68 
23.22 

6.75 
1.87 
8.13 

1927 

22.40 
23.30 
13.20 
17.90 
21.00 
21.20 

19.53 
24.28 
24.42 
27.35 
27.58 
26.99 

2.87 

1933 

17.50 
19.40 
23.00 

31.91 
31.33 
24.94 

14.41 

1922 

1928.- 

0.98 
11.22 
9.45 
,       6.68 
6.79 

1934 

1923 

1929 

1935 

1  94 

0.97 
4.05 
2.57 

1930 

Mean.. 

1925 

1931 

20.63 

25.13 

4.50 

1926 

1932 
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Figure  19 


One  line  shows  an  actual  equivalent  uniform  dis- 
charge over  the  period  of  82  cubic  feet  per  second. 
The  second  line  shows  the  discharge  from  the  lake  as 
it  actually  occurred.  The  discharge  was  much  heavier 
during  the  first  part  of  the  period.  The  third  line 
shows  how  the  outflow  could  have  been  regulated  from 
May  1,  1939,  to  maintain  100  cubic  feet  per  second  at 
Crookston  with  one-half  foot  less  fluctuation  in  lake 
level  than  actually  occurred.  If  the  outflow  had  been 
properly  distributed  over  the  period,  the  desired  100 
cubic  feet  per  second  at  Crookston  could  have  been  se- 
cured with  an  average  flow  of  only  46  cubic  feet  per 
second  from  the  lake  instead  of  an  actual  average  out- 
flow of  82  cubic  feet  per  second.  Such  regulation,  of 
course,  woidd  have  meant  beginning  to  conserve  the 
outflow  on  May  1,  1929,  when  the  lake  level  was  still 
1,175.85.  It  would  have  meant  using  almost  the  entire 
storage  capacity  for  long-time  flow  equalization  as 
against  annual  flow  equalization.  Some  intermediate 
position  must  be  adopted. 


If  an  ordinary  maximum  level  of  1,175  is  established 
on  Red  Lake  instead  of  1,174,  as  recommended  in  1922, 
and  if  the  primary  aim  is  water  conservation  as  against 
annual  equalization  largely  for  water  power  purposes, 
then  a  flow  of  100  cubic  feet  per  second  can  be  main- 
tained at  Crookston  without  drawing  Red  Lake  much, 
if  any,  below  a  level  of  1,171.0  during  the  worst 
drought  conditions  thus  far  experienced  and  reasonably 
to  be  anticipated. 

Providing  for  Flood  Inflows 

Assuming  an  ordinary  maximum  level  of  1,175,  the 
question  arises  as  to  what  will  happen  during  high- 
water  years.  Although  the  records  are  incomplete,  ap- 
pai-ently  the  heaviest  inflow  occurred  during  1927.  In 
the  spring  of  that  year,  Red  Lake  rose  a  little  over  2 
feet.  No  record  of  outflow  is  available,  but,  judging 
from  the  lake  stage  and  the  flow  at  Thief  River  Falls 
and  Crookston,  the  outflow  must  have  averaged  about 
1,000  cubic  feet  per  second  for  3  months. 
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No  material  control  of  outflow  from  Red  Lake  is 
possible  without  substantial  enlargement  of  the  river 
cliannel  below  tlie  lake  for  about  45  miles  unless  the 
lake  is  to  be  permitted  to  reach  higher  flood  stages  than 
have  heretofore  been  recorded.  Extensive  channel  im- 
provement is  an  essential  part  of  any  water  conservation 
plan  for  Red  Lake. 

It  does  not  pay  to  protect  agricultural  lands  from 
such  extraordinary  floods  as  that  of  1927.  Under  flood 
conditions  like  those,  the  imi)roved  channel  should  bo 
used  to  the  utmost  in  order  to  prevent  the  lake  from 
rising  too  high.  If,  for  the  3  spring  months,  the  flow 
had  been  increased  to  1,000  cubic  feet  per  second  only 
about  one-quarter  foot  of  additional  depth  on  the  lake 
could  have  been  wasted.  This  means  that,  if  a  regu- 
lated level  of  1.175  had  been  maintained  through  the 
winter  of  1926  to  1927,  Red  Lake  would  have  risen  two- 
tenths  or  three-tenths  of  a  foot  higher  than  it  actually 


rose.  However,  all  of  the  lakes  in  northern  Minnesota 
showed  heavy  inflow  during  the  fall  and  winter.  Snow- 
fall was  heavy.  Reasonable  regulation  of  Red  Lake 
would  have  demanded  the  release  of  suflicient  water 
during  the  winter  months  to  get  the  lake  down  to  at 
least  1,174.5  by  April  1.  This  would  have  provided 
sufficient  storage  capacity  so  that  the  lake  could  readily 
have  been  prevented  from  rising  to  a  higher  level 
than  it  actually  did. 

The  inflow  during  1916  could  all  have  been  absorbed 
in  the  flood  reserve  above  1,175  if  approximately  the 
natural  outflow  had  been  released.  However,  the  indi- 
cations of  heavy  spring  inflow  were  almost  as  clear  in 
1915  to  1916  as  they  were  in  1926  to  1927.  Wasting  of 
water  could  have  begun  during  the  winter,  so  that  the 
lake  could  readily  have  been  controlled.  Similarly,  in 
1905  the  lake  could  have  been  controlled  satisfactorily 
if  some  water  had  been  wasted  in  anticipation  of  heavy 
spring  inflow. 


66 


Regional  Planning — Red  River 


r-iGT^ 

^^ 

^^_ 

_ 

■ 

■ 

■ 

■ 

■ 

IP 

m 

■ 

■ 

■ 

■ 

■ 

m 

p-j 

— 

|-| 

— 1 

— 1 

-1 

"" 

— I 

-p 

m 

■^ 

— 

— 1 

— 1 

—I 

— 

— 1 

— 

— 

— 

~ft 

SI 

|I 

- 

-- 

^ 

1 

i 

■ 

-- 

■ 

i_ 

- 

- 

__ 

- 

~ 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

_ 

- 

- 

- 

- 

-^ee 

r 

i 

Aritiiki 

(lITlFI 

X 

v\ 

f 

■F'riM 

:c 

UAiZ 

-3 

\ffi 

r 

1 

-i 

icag 

JU 

'f 

^ 

~T 

1 

ii 

1 

y 

M 

t-'inW 

;03 

%-r 

1 

■ 

lij 

a 

\ 

01 

-1 

I 

k 

(J 

-^r)n 

-5E 

L 

1 

, 

'^fc-riijAL 

ii 

I 

"i\/ 

A 

T 

T  RhdKiTbiki 

1 

A 

4€ 

%  ^viq» 

i 

A 

1 

1 

^ 

,^AJ- 

1 

1 

i 

i 

XL 

hi|                          I'T'Mr 

"•I 

\w 

^ 

— 

lU 

J 

L 

-. 

>■ 

r 

« 

A 

— 

•lOU 

Lh 

3. 

i 

1 

-f 

ill 

^ 

■^ 

^ 

" 

•' 

h 

^ 

' 

k 

— 

3-  — - 

__lI 

R  '9 

1 

q 

If 

1 

9 

'^1 

n 

y. 

1 

1 

q 

^1 

1 

9  V 

-f 

>r-^ 

, 

«■» 

— 

,_ 

■^ 

1" 

■ 

■I 

^ 

q 

g 

|P> 

^ 

_ 

■ 

■ 

■  I 

_p. 

_ 

-^ 

q 

|. 

■ 

g 

B 

g 

p 

^ 

-. 

« 

B 

1 

f 

_ 

-^ 

-« 

»fi — 

— 

^ 

- 

'- 

-  - 

- 

IT^ 

■ 

B 

— 

— 

— 

■ 

■ 

""■ 

— 

— 

- 

— 

Vd 

11 

A 

T 

rr 

\ 

)l 

IT 

-| 

n 

iV 

-l?rlr 

^ 

'Ti 

^KF 

Z 

n 

2 

kd^ 

1 

I'^rvi 

leti 

<i 

Lj 

i 

1 

J 

1 

IX 

i 

1 

i 

>r  ^^ 

1 

fC-K 

1 

1 

Ui 

±. 

1^ 

(J 

l£ 

1 

1 

K 

1 

■^ 

1 

i 

^-j 

4e 

■a- 

1 

'' 

1 

-3;« 

tf -t 

1 

'ffi 

\i 

A 

FEP 

-1 

0 

(V 

^ 

r 

1 

C, 

?r 

iO 

Kf 

iT 

111 

' 

'2  k, 

L 

10) 

^F 

■i 

A 

1         1 

j 

, 

\r 

n  r 

;  ( 

1, 

, 

Vtl  ^ 

dBte 

f 

4  JB 

^ 

, 

i 

^ 

i 

"■1 

.1 

J 

« 

HA     _              _ 

1 

1 

1 

1 

1 

^;  c 

1 

n^ 

1 

T 

\\ 

1  n 

y( 

\o,i,-' 

1 

J&S^ 

f 

T 

KM 

1 

1 

A 

1 

)| 

1 

)t 

'1 

) 

1 

/« 

K- 

JldAiJ'h 

1- 

^=VF.t?  1 

n 

1  1 

lS3fe 

1  1 

FlGXJBB  21 


Need  for  Larger  Low-Water  Reserve 

The  experience  since  1922  indicates  tlie  need  for  a 
larger  low-water  reserve  than  recommended  at  that 
time.  It  also  indicates  that  the  normal  level  of  Red 
Lake  should  not  be  lowered,  as  aj^peared  desirable  from 
the  viewpoint  of  drainage  and  reclamation  around  the 
Tamarack  River  at  that  time.  An  ordinary  maximum 
level  of  1,175  now  apjiears  more  desirable  than  the  level 
of  1,174  recommended  in  1922.  Furthermore,  less  an- 
nual equalization  of  outflow  must  be  attempted  if  stored 
water  shall  be  available  for  maintaining  100  cubic  feet 
per  second  at  Crookston  during  such  an  unprecedented 
drought  period  as  that  which  we  have  just  experienced 
in  Minnesota. 

At  the  beginning  of  the  present  drought  period,  there 
was  no  dam  in  the  outlet  of  Red  Lake.  The  rapid  rate 
at  which  water  ran  to  waste  is  well  shown  on  the  mass 
curve.  If  this  water  had  been  conserved,  it  would  have 
been  available  later  when  badly  needed. 

In  the  upper  portion  of  the  following  diagram,  there 
is  shown  the  actual  flow  at  Crookston  by  months  from 


May  1, 1929,  to  September  30,  1934,  and  the  actual  out- 
flow from  Red  Lake  during  the  same  period.  It  was 
necessary  to  estimate  the  outflow  during  part  of  this 
period. 

The  lower  portion  of  the  following  diagram  shows 
what  the  outflow  from  Red  Lake  would  have  been  if  the 
lake  had  been  regulated  with  a  view  to  maintaining  a 
flow  of  100  cubic  feet  per  second  at  Crookston.  This 
regulation,  of  course,  assumes  an  improved  channel. 

By  closing  the  dam  at  the  outlet  of  Red  Lake  during 
the  spring  months  when  there  is  ample  water  in  the 
river  below  and  releasing  more  water  later  in  the  sea- 
son, the  flow  available  for  power  development  will  also 
be  increased.  This  increase,  however,  will  not  be  as 
gi-eat  as  if  a  larger  iDortion  of  the  reservoir  below  1,175 
were  available  for  annual  flow  equalization  instead  of 
being  required  for  conserving  water  for  use  during  an 
extreme  drought  period  which  may  possibly  be  just 
ahead. 

The  experience  of  the  last  9  years  indicates  that  a 
relatively  larger  portion  of  the  reservoir  must  be  re- 
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served  for  storing  water  for  use  during  the  exceptional 
drought  period,  which  may  recur  only  once  in  50  or 
more  j'ears,  than  appeared  necessary  in  1922.  At  the 
other  extreme,  we  liave  also  had  heavier  inflow  in  1927 
than  during  previous  recorded  floods.  Less  need  exists 
for  land  reclamation  and  more  for  water  conservation. 
Furthermore,  protection  of  agricultural  lands  from  in- 
frequent floods  does  not  pay  as  good  a  return  on  the 
cost  of  control  works  as  protection  from  the  ordinary, 
frequent  flooding  that  makes  crop  land  of  little  value. 

Regulated  Levels  Proposed 

According  to  the  plan  for  storage  and  regulation 
here  presented,  an  ordinary  maximum  level  of  1320.5 
would  be  established  on  Otter  Tail  Lake  with  a  flood 
reserve  of  about  1.5  feet  above  that  level  and  a  maxi- 
nmm  draft  of  about  4  feet  below  that  level  during 
prolonged  periods  of  extreme  drought  such  as  that 
from  1930  to  1935.  Whenever  the  lake  fell  below 
1,319.0,  the  outflow  would  be  reduced  to  a  rate  suf- 
ficient to  maintain  50  cubic  feet  per  second  at  Fargo. 
The  storage  between  1,320.5  and  1,319.0  could  be  used 
for  annual  ecjualization  of  flow  as  might  be  required, 
but  it  should  be  conserved  to  the  utmost  at  all  times 
when  there  is  not  a  sufficient  suppiy  in  sight  to  fill 
the  reservoir  again  the  following  spring. 

Since  the  regulation  of  outflow  secured  thi-ough  stor- 
age in  Otter  Tail  Lake  was  based  on  a  mass  curve  of 
net  inflow  derived  from  reasonably  good  records  of 
lake  stage  and  outflow,  evaporation  from  the  lake  area 
was  automatically  deducted.  The  computed  evapora- 
tion loss  during  the  extreme  drought  period  from  June 
1,  1932,  to  March  1,  1935,  was  43  inches  in  excess  of 
precipitation  on  the  lake  area.  This  loss  was  supplied 
by  inflow  from  the  tributary  land  area.  For  any 
given  month,  the  net  inflow  was  c(iual  to  the  outflow 
plus  or  minus  the  storage  represented  by  the  change 
in  lake  level.  It  was  also  equal  to  the  gross  inflow 
less  the  evaporation  loss. 

During  the  period  from  June  1,  1932,  to  March  1, 
1935,  the  computed  excess  of  evaporation  over  precipi- 
tation on  Otter  Tail  Lake  was  3.6  feet.  The  observed 
fall  was  1.0  feet.  The  outflow  during  this  period  rep- 
resents a  fall  of  3.0  feet,  or  2.0  feet  more  than  observed. 
Therefore,  the  gi-oss  inflow  into  the  lake  was  5.6  feet 
during  this  period. 

If  a  draft  of  4.0  feet  is  j)rovided  for  in  the  plan  of 
control,  then  the  effective  low-water  storage  is  3.0  feet 
out  of  a  total  fluctuation  of  5.5  feet. 

Available  records  do  not  permit  a  similar  analysis 
for  Lakes  Lida,  Lizzie,  and  Prairie  on  the  Pelican 
River,  but  an  effective  low-water  reserve  of  2.5  feet  can 
probably  be  secured,  particularly  if  many  of  tlie  out- 
lying lakes  in  the  Otter  Tail  Basin  are  also  controlled. 

According  to  the  plan  presented,  an  ordinary  maxi- 


mum level  of  1,175  would  be  established  on  Red  Lake 
with  a  flood  reserve  of  about  1.5  feet  above  that  level 
and  a  maximum  draft  of  4.0  feet  below  that  level  dur- 
iiig  i)rolongod,  extreme  droughts.  In  this  case,  also 
the  possible  regulation  was  based  on  net  inflow  com- 
puted from  fairly  good  records  of  outflow  and  lake 
level.  The  critical  period  in  this  basin  extended  from 
May  1,  1929,  to  September  30,  1934,  during  which 
time  there  was  61  inches  of  evaporation  from  the  lake 
in  excess  of  precipitation  on  tiie  lake  area.  The  ob- 
served fall  in  lake  level  during  this  period  was  4.35 
feet.  Tliere  was  no  tlam  in  the  outlet,  and  water  was 
discharged  very  rapidly  at  tlie  beginning  of  the  period 
viliile  the  lake  was  high.  The  total  outflow  accounts 
for  a  drop  of  1.15  feet,  leaving  a  net  evai)oration  loss 
of  3.2  feet  in  e.xcess  of  inflow.  The  computed  excess 
of  evaporation  over  precipitation  on  the  lake  area  was 
5.0  feet;  therefore,  the  inflow  from  the  land  area  dur- 
nig  the  5.5-year  period  was  equal  to  1.8  feet  on  the 
lake  area,  or  a  run-off  of  1.12  inches  per  year. 

The  outlet  channel  improvement  designed  and  de- 
tailed in  the  1922  report  is  a  part  of  the  present  plan. 

If  a  draft  of  4.0  feet  is  provided  for  in  the  plan  of 
control,  then  the  effective  low-water  storage  is  only  0.8 
foot  out  of  a  total  fluctuation  of  5.5  feet. 

The  only  practicable  plan  of  regulation  for  Lake 
Traver.se  here  presented  contemplates  an  ordinary  max- 
imum level  of  978  or  979  with  a  5-  or  6- foot  flood  reserve 
above  that  level  and  a  maximum  draft  of  7  or  8  feet 
below  that  level  during  extreme  drought  periods  of 
long  duration. 

The  recent  critical  drought  period  began  in  July 
1930,  when  outflow  ceased.  In  November  1934  the  lake 
was  dry.  The  computed  evaporation  loss  was  5.5  feet 
in  excess  of  precipitation  on  the  lake  and  inflow  from 
the  tributary  land  area.  This  would  leave  only  about 
2  feet  of  effective  low- water  storage  out  of  a  total  fluc- 
tuation of  14  or  15  feet. 

Interrelationship  Between  , 

Precipitation  and  Evaporation 

In  studying  the  Otter  Tail  Basin,  it  became  apparent 
that  annual  precipitation  and  evaporation  were  inter- 
related. Years  of  heavy  precii)itation  were  usually 
years  of  higher  relative  humidity  and  lower  tempera- 
ture and,  therefore,  lower  evaporation  loss  from  water 
areas.  On  the  other  hand,  dry  years  were  years  of  low 
relative  humidity  and  high  temperature  and,  there- 
fore, higher  evaporation.  The  ix'sult  was  that  during 
wet  years,  precipitation  exceeded  evaporation  from 
lake  areas  and,  during  dry  j-ears,  evaporation  greatly 
exceeded  precipitation  upon  those  areas.  Similar  effects 
are  found  upon  the  land  areas,  so  that  during  wet  years, 
when  the  lake  areas  do  not  need  any  support,  run-off 
from  the  tributary  land  area  overburdens  the  lakes  with 
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resulting  flood  outflows.  During  dry  years,  when  water 
areas  cannot  maintain  themselves,  inflow  from  the  land 
areas  is  small  and  the  lakes  necessarily  shrink. 

The  following  diagrams  show  gTaphically  the  de- 
parture of  annual  precipitation  and  evaporation  from 
the  average  for  the  period,  and  also  the  precipitation 
minus  the  evaporation,  for  Lake  Traverse,  Otter  Tail 
Lake,  Devils  Lake,  and  for  water  areas  in  the  vicinity 
of  Bismarck,  N.  Dak.  These  diagrams  clearly  show 
the  interrelationship  referred  to  previously.  There  are 
few  exceptions  to  the  rule.  The  unprecedented  char- 
acter of  the  I'ecent  drought  i^eriod  is  apparent.  Unfor- 
tunately, records  of  relative  hunaidity  and  wind 
velocity  do  not  extend  back  far  enough  to  permit  com- 
paring the  recent  drouglit  witli  that  indicated  by  the 
low  precipitation  at  St.  Paul  between  1837  and  1856. 

Regulated  Flow 
Secured  at  Grand  Forks 

After  assuming  that  the  outflow  from  Otter  Tail  Lake 
and  the  other  lakes  in  that  basin  had  been  regulated  to 
secure  a  flow  of  50  cubic  feet  per  second  at  Fargo,  and 
that  the  outflow  from  Red  Lake  had  been  regulated  to 
secure  100  cubic  feet  per  second  at  Crookston,  the  re- 
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suits  of  this  regulation  were  combined  to  ascertain  the 
regulated  flow  at  Grand  Forks.  It  was  assumed  that, 
under  such  extreme  prolonged  drought  conditions  as 
those  just  experienced,  the  river  channel  would  be  im- 
proved sufficiently  to  prevent  any  increase  in  the  loss 
of  water  in  transit,  due  to  the  higher  stage. 

The  table  on  page  70  presents,  by  months,  for  the 
crucial  drought  period  from  June  1932  to  March  1935 
tlie  amount  of  stored  water  released,  under  the  plan 
presented,  from  the  Otter  Tail  and  Red  Lake  Basins, 
and  the  additional  amount  required  to  produce  a  flow 
of  200  cubic  feet  per  second  at  Grand  Forks  under  such 
extreme  drought  conditions,  either  from  about  0.1  foot 
additional  draft  on  Red  Lake  or  2  feet  of  low-water 
reserve  in  Lake  Traverse,  or  elsewhere. 

Two  feet  of  effective  low-water  reserve  storage  on 
Lake  Traverse  would  have  supplied  this  deficiency  of 
590  cubic  feet  per  second  months  or  35,800  acre-feet. 
On  the  other  hand,  it  could  have  been  supplied  by 
drawing  Red  Lake  down  only  1.5  inches  more.  The 
value  of  Red  Lake  as  a  regulating  reservoir  is  so  out- 
standing that  it  should  be  used  to  the  utmost. 
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storage  on  the  Otter  Tail  and  Red  Lake  IJasins  are 
graphically  shown  on  the  following  diagrams: 


150935- -37 6 
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Year  and  montb 


1932 


June 

July 

Augtist 

September-. 

October 

November.. 
December.. 


1933 


January 

February... 

Marcb 

April 

May 

June 

July 

August 

September- 
October 

November.. 
December. . 


Stored  water  released 


From 
Otter- 
tail 
Basin 


From 
Red 
Lake 
Basin 


Total 

cubic 

feet 

per 

second 


105 
131 
128 
124 
122 
121 


127 
121 


133 
137 
136 
136 
117 


Flow  at  Orand  Forks 


Pres- 
ent 


401 
178 
69 
43 
36 
83 
67 


39 
34 
927 
2,260 
768 
428 
116 
42 
31 
32 
79 
62 


Regu- 
lated 


437 
283 
190 
171 
160 
205 
178 


166 
15S 


214 

176 
168 
168 
215 
169 


Required 
for  200 

cubic  feet 
per  sec- 
ond 


Year  and  month 


1934 


10 
29 
40 


34 

45 


January 

February... 

March 

April 

May 

June 

July 

August 

September- 
October 

November- 
December.. 


193S 


January... 
February.. 


26 
32 
32 


Total  cubic  feet   per  second, 

months 

Acre-feet 


Stored  water  released 


From 
Otter- 
tail 
Baski 


1,188 
72,000 


From 
Red 
Lake 
Basin 


1,969 
120,000 


Total 

cubic 

feet 

per 

second 


120 

112 

7 


42 
67 
106 
138 
149 
140 
126 
128 


134 
117 


3,167 
192,000 


Flow  at  Grand  Forks 


Pres- 
ent 


39 

41 

419 

1,540 

373 

161 

153 

31 

21 

41 

73 

41 


Regu- 
lated 


159 
163 


218 
259 
169 
170 
181 
193 
169 


162 
149 


Required 
for  200 

cubic  feet 
per  sec- 
ond 


41 

47 


31 
30 
19 
2 
31 


38 
61 


590 
35,800 
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APPENDIX  B— STREAM  FLOW  NECESSARY  FOR  DILUTION  OF  TREATED  SEWAGE » 


The  calculations  to  follow  are  based  on  the  primary 
assumption  that  all  of  the  sewage  and  industrial  wastes 
in  the  basin  will  be  treated.  The  degree  to  which  the 
sewage  anil  wastes  should  be  treated  depends  upon  the 
dilution  available,  but  since  the  amount  of  water  needed 
for  tliis  dilution  is  likely  to  be  the  limiting  factor  in 
determining  the  necessary  stream  flows  during  the 
winter,  it  is  necessary  to  assume  that  the  treatment  in 
use  at  all  of  the  municipalities  situated  on  the  streams 
will  be  relatively  complete,  that  is,  equivalent  to  ef- 
ficient sedimentation  followed  by  trickling  filters  and 
final  sedimentation.  Such  treatment  is  considered  in 
these  calculations  as  being  capable  of  reducing  the 
biochemical  oxygen  demand  of  the  sewage  90  percent, 
leaving  10  percent  to  be  disposed  of  by  dilution. 

Experience  over  a  period  of  several  years  has  shown 
that  in  shallow  lakes,  that  is,  lakes  less  than  20  or  30 
feet  in  depth,  the  dissolved  oxygen  content  of  the  water 
gradually  decreases  from  the  time  the  ice  forms  in  the 
early  winter  until  the  spring  break-up.  In  years  when 
the  period  of  ice  and  snow  coverage  is  long,  the  amount 
of  oxygen  reduction  may  be  considerable,  even  though 
the  lake  does  not  receive  large  amounts  of  sewage  and 
industrial  waste  pollution.  Tlie  water  of  the  lakes  in 
the  Red  River  Basin  is  probably  saturated  with  oxygen 
at  the  beginning  of  tlie  winter,  in  which  case  it  would 
contain  about  14  parts  per  million  of  dissolved  oxygen. 
It  is  estimated  that  during  a  period  of  3  months,  when 
contact  with  the  atmosphere  is  prevented  and  when 
the  rays  of  the  sun  cannot  effectively  penetrate  the 
cover  of  ice  and  snow,  the  dissolved  oxygen  content  may 
be  reduced  to  5  or  6  parts  per  million  by  natural  proc- 
esses alone.  This  means  that  as  the  winter  progresses, 
less  and  less  oxygen  is  available  in  the  water  flowing 
from  the  lakes  to  supply  the  demand  of  the  sewage  and 
industrial  wastes. 

If  the  best  interests  of  the  municipal  water  supplies 
are  to  be  served  there  should  be  some  dissolved  oxygen — 
at  least  2  or  3  parts  per  million — in  the  water  through- 
out the  winter  in  order  to  prevent  septic  conditions  with 
the  accompanying  taste  and  odor  difficulties.  Fish 
life  would  also  require  this  or  a  greater  amount  of 
oxygen.  Considering  these  needs  and  the  demands  of 
miscellaneous  sources,  such  as  barnyard  drainage,  etc., 
it  appears  that  by  the  time  of  the  spring  break-up  not 
more  than  2  or  3  parts  per  million  can  safely  be  assigned 
to  supply  the  oxygen  required  to  oxidize  the  treated 
sewage  and  industrial  wastes  and  stiU  provide  satisfac- 


-  rrepareci  by  F.  L.  Woodward,  associate  sanitary  engineer,  and 
submitted  by  H.  A.  Wliittaker,  director.  Minnesota  Department  of 
health.  In  the  original  report,  this  paper  appeared  as  appendix  3. 
March  20,  1936. 


tory  oxygen  conditions  in  the  stream  water.  The  90 
percent  reduction  in  oxygen  demand  considered  above  is 
rather  high  for  everyday  operation  of  even  the  best 
equipped  .sewage  treatment  plant,  and  for  this  reason 
these  calculations  allow  a  depletion  of  only  2  parts  per 
million  in  the  oxidation  of  the  sewage  and  industrial 
wastes. 

The  determination  of  biochemical  oxygen  demand  is 
ordinarily'  made  at  20°  C.  and  the  ultimate  demand  at 
this  temperature  is  usually  considered  to  be  satisfied 
in  approximately  20  days.  It  is  known  that  this  deter- 
mination is  not  a  true  measure  of  the  rate  of  oxygen 
consumption  at  0°  C.,  which  is  the  temperature  with 
which  these  calculations  are  concerned.  According  to 
Phelps  (Sewage  Works  Journal,  Vol.  2,  No.  4,  Oct. 
1930),  the  1-day  demand  at  0°  C.  is  only  42  percent  of 
that  at  20°  C.  At  5  days  this  ration  is  54  percent,  and 
at  10  days  it  is  67  percent.  At  this  rate  of  increase  in 
the  ratio  between  the  demand  at  0°  and  the  demand  at 
20°,  the  ultimate  demand  at  0°  is  satisfied  in  a  period 
somewhere  between  23  and  2(5  days  instead  of  20  days. 
Since,  in  this  case,  the  sewage  from  any  municipality  is 
in  the  stream  long  enough  for  the  total  demand  to  be 
satisfied  at  any  temperature,  providing  the  oxygen  is 
available,  the  total  demand  at  20°  C.  is  considered  as 
being  the  total  demand  that  must  be  provided  for  in 
the  determination  of  necessary  stream  flow. 

Using  0.24  pound  of  total  oxygen  demand  per  capita 
per  day,  the  stream  flow  necessary  to  satisfy  this  de- 
mand, allowing  an  oxygen  depletion  of  2  parts  per  mil- 
lion in  the  water,  is  22.2  cubic  feet  per  second  per  thou- 
sand population  equivalent.  "With  an  assumed  reduc- 
tion of  90  percent  in  the  oxygen  demand  by  treatment, 
this  figure  becomes  2.22  cubic  feet  per  second  per  thou- 
sand population  equivalent.  This  would  recpiire  ap- 
proximately the  following  flows  for  each  municipality 
or  iDair  of  municipalities:  Fergus  Falls,  25  cubic  feet 
per  second;  Breckenridge  and  Wahpeton,  15  cubic  feet 
per  second;  Fargo  and  Moorhead,  105  cubic  feet  per 
second;  Grand  Forks  and  East  Grand  Forks  (exclusive 
of  sugar  factory),  55  cubic  feet  per  second;  Crookston, 
15  cubic  feet  per  second ;  Red  Lake  Falls,  3.5  cubic  feet 
per  second;  and  Thief  River  Falls,  10  cubic  feet  per 
second.  Without  treatment,  the  packing  plant  at  West 
Fargo  would  require  1,000  cubic  feet  per  second  (esti- 
mated), and  the  sugar  factory  at  East  Grand  Forks 
would  re([uire  3,100  cubic  feet  per  second.  Treatment 
equivalent  to  the  90  percent  reduction  specified  for  the 
municipalities  would  reduce  tliese  amounts  to  100  cubic 
feet  per  second  and  310  cubic  feet  per  second. 

It  is  readily  seen  that  witli  no  allowance  for  re-aera- 
tion, the  necessary  stream  flows  are  cimiulative  as  fol- 
lows: 
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Below  Fergus  Falls,  25  cubic  feet  per  second. 

Below  Breckenridge  and  Wahpeton,  40  cubic  feet  per 
second. 

Below  Fargo  and  Moorhead,  145  cubic  feet  per  sec- 
ond. 

Below  Sheyenne  River,  145  cubic  feet  per  second, 
plus  the  amount  necessary  for  the  Sheyenne  River  and 
the  packing  plant  at  AVcst  Fargo  plus  410. 

Below  Thief  River  Falls,  10  cubic  feet  per  second. 

Below  Red  Lake  Falls,  14  cubic  feet  per  second. 

Below  Crookston,  29  cubic  feet  per  second. 

Below  Grand  Forks  and  East  Grand  Forks,  229  cubic 
feet  per  second,  plus  the  amount  necessary  for  the 
Sheyenne  River  and  the  packing  plant  at  West  Fargo, 
the  sugar  factory  at  East  Grand  Forks,  and  the  pack- 
ing plant  at  Grand  Forks  plus  410. 

Obviously,  there  is  some  aeration  in  the  stretches 
of  open  water  and  at  the  points  where  the  water  passes 
over  dams.  Any  oxygen  added  to  the  water  in  this 
way  reduces  the  necessary  stream  flow.  It  might  be 
practical  to  provide  additional  aeration  by  design- 
ing the  spillways  of  the  dams  specially  for  this  pur- 
pose. 

At  the  beginning  of  the  winter,  when  the  oxygen 
content  of  the  river  water  is  high,  satisfactory  oxygen 
conditions  would  be  expected  with  flows  of  a  third  or  a 
fourth  of  those  given  above.  However,  if  ice  forms 
at  the  lower  stage,  it  would  be  impossible  to  provide 
the  flows  necessary  for  later  in  the  season.  It  appears, 
therefore,  that  the  ice  level  should  be  established  at 
the  higher  stage. 


During  the  seasons  of  open  water  the  stream  is  bet- 
ter able  to  recover  from  the  effects  of  pollution  from 
one  source  before  another  source  is  reached,  so  that 
a  stream  flow  of  8  to  10  cubic  feet  per  second  for 
each  1,000  of  population  equivalent  of  the  final  sewage 
effluent  would  probably  provide  satisfactory  oxygen 
conditions.  In  periods  of  extreme  high  temperatures 
it  is  possible  that  somewhat  larger  flows  should  be 
provided,  owing  to  the  lower  solubility  of  oxygen  in 
water.  When  the  river  is  open,  the  water,  after  re- 
covery, can  be  used  over  and  over  and  it  is  not  neces- 
sary to  supply  at  the  source  the  total  flow  required  by 
each  source  of  pollution  individually.  For  instance, 
the  flow  required  at  Breckenridge  would  be  the  amount 
necessary  at  that  point  without  considering  that  needed 
at  Fergus  Falls,  since  it  may  be  assumed  that,  under 
open-water  conditions  and  with  suitable  treatment  of 
the  sewage  and  industrial  wastes  from  Fergus  Falls, 
recovery  from  the  pollution  contributed  at  that  city 
will  be  fairly  complete  by  the  time  the  water  reaches 
Breckenridge  and  Wahpeton. 

It  must  be  understood  that  these  calculations  are 
based  entirely  on  oxygen  resources  and  that  the  term 
"recovery"  used  above  refers  to  recovery  of  the  oxygen 
balance.  Other  results  of  pollution  such  as  changes 
in  the  chemical  constituents  are  not  jDrovided  for.  The 
control  of  bacterial  pollution  resulting  from  the  dis- 
charge of  domestic  sewage  can  probably  be  best 
accomplished  by  disinfection  of  the  sewage  before  it 
enters  the  stream. 


APPENDIX  C— LOSSES  IN  THE  DISCHARGE  OF  THE  RED  RIVER  ABOVE  FARGO,  N.  DAK. 


Conspicuous  losses  in  discharge  of  the  Red  River 
have  occurred  between  the  places  of  measurement  at 
the  gaging  station  on  Otter  Tail  River  (head  of  Red 
River)  below  Pelican  River  near  Fergus  Falls,  Minn., 
and  the  gaging  station  on  Red  River  at  Fargo,  N. 
Dak.,  during  the  low  water  periods  of  each  year  since 
1931. 

The  Red  River  is  formed  by  the  junction  of  the 
Otter  Tail  River  from  the  east  and  the  Bois  des  Sioux 
River  from  the  south  at  Breckenridge,  Minn.  Dis- 
charge records  are  available  for  the  Otter  Tail  River 
below  Pelican  River,  near  Fergus  Falls,  Minn.,  drain- 
age area  approximately  1.900  square  miles,  and  for 
the  Red  River  at  Fargo,  N.  Dak.,  drainage  area,  6,420 
square  miles.  The  largest  individual  tributary  streams 
in  the  intermediate  drainage  area  of  approximately 


•  By  Charles  L.  Batchelder.  district  engineer,  U.  S.  Geological  Survey. 
In  the  original  report  this  paper  appeared  as  appendix  4. 


4,500  square  miles  between  these  places  of  measure- 
iiient  are  the  Bois  des  Sioux  River  which  joins  the  Ot- 
ter Tail  River  at  Breckenridge,  !Minn.,  and  the  Wild 
Rice  River  from  North  Dakota  which  joins  the  Red 
River  about  8  miles  south  of  Fargo.  Gaging  stations 
are  maintained  on  both  of  these  tributaries;  the  sta- 
tion on  the  Bois  des  Sioux  River  near  Fairmount, 
N".  Dak.  (drainage  area,  1,460  square  miles),  has  shown 
no  flow  since  July  1930,  and  the  station  on  the  Wild 
Rice  River  near  Abercrombie,  N.  Dak.,  has  shown 
only  a  small  intermittent  flow. 

The  nionthlj"  mean  discharge  of  the  Red  River  at 
Fargo,  N.  Dak.,  and  the  tributary  streams  above  Fargo 
for  the  periods  of  low  flow  during  the  5  years  1931 
to  1935  aie  shown  in  table  1.  From  that  table  it  may 
be  seen  that  during  long-continued  periods  of  low 
water  a  loss  of  25  to  28  second-feet  may  occur  in  that 
part  of  the  river  above  Fargo.  A  part  of  this  loss 
may  be  caused  by  the  use  of  water  by  Fargo  and  other 
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Tabi.f,  1. — Monthly  mean  discharge,  in  second-feet,  of  Red  River 
at  Fargo,  N.  Dak.,  compared  milh  sum  of  discharges  of  tributaries 
above  Fargo  to  show  apparent  loss 


Year  and  month 


1931 

July 

August 

September 

October 

1932 

July 

Augtist 

September 

October 

1S33 

July 

August 

September 

October 

November  15-30 

1934 

May 

Jiuio 

July 

August 

September 

October 

193j 

July  (storm) 

August 

September 


Otter  Tall 
River  be- 
low Pelican 
River  near 

Fergus 

FalU. 

Minn. 


62.0 
32.3 
44.4 
30.0 

32.7 
27.2 
31.4 
24.5 

19.1 

14.7 
25.8 
13.1 
21.5 

18.0 
14.2 
13.8 
11.5 
8.0 
11.9 

103 
22.8 
13.9 


Wild  Rice 
River,  netu- 

Aber- 
crombie, 
N.  Dak. 


(') 
(') 
0) 
(•) 

0.7 
0 
0 
0 

0 

u 

0 
0 
0 

.1 

1.4 

'5 

0 

0 

0 

I  10.0 

>20 

0 


33.4 
27.2 
31.4 
24.5 

19.1 
14.7 
25.8 
13.1 
21.5 

18.1 
15.6 
14.3 
11.5 
8.0 
11.9 

113 
24.8 
13.9 


Red 

River 
at  Far- 
go. N. 

Dak. 


64.8 
20.8 
15.6 
26.6 

7.7 
0 

8.8 
14.1 

15.3 

1.6 

.  1 

4.7 

0 

8.1 

3.3 

0 

0 

0 

0 

184 
32.5 
8.4 


Appar- 
ent loss 


11.6 
28.8 
3.4 

25.7 
27.2 
22.6 
10.4 

3.8 
13.1 
25.7 

8.4 
21.5 

10.0 
12.3 
14.3 
11.5 
8.0 
11.9 


Precipi- 
tation at 
Wah- 
peton. 
N.  Dak. 


6.4 


Inchts 

3.12 

3.00 

.72 

3.  15 

1.83 
2.90 
1.55 
.88 

1.68 
1.76 
.92 
.05 
.40 

.63 
5.52 
2.38 
2.75 
2.03 
1.22 

4.69 

3.25 

.58 


'  No  record. 


•  Estimated. 


municipalities.  Assuming  a  tutal  loss  of  5  second-feet 
by  municipal  use  where  the  water  is  not  returned  to  the 
river  above  the  Fargo  gaging  station,  there  remains  a 
loss  of  20  to  23  second-feet  during  some  periods. 

The  Red  River  has  a  flat  gradient  and  flows  in  a 
meandering  course  with  sluggish  velocity  at  low 
stages.  A  rank  gi'owth  of  aquatic  plants  flourishes 
during  periods  of  low  water  in  the  summer.  The 
many  ox  bows  in  the  river  greatly  increase  its  length  so 
that  the  river  distance  between  the  gaging  station  on 
Otter  Tail  River  below  Pelican  River  near  Fergus 
Falls,  Miiiu.,  and  the  gaging  station  on  Red  River  at 
Fargo,  X.  Dak.,  is  ajiproxiinately  140  miles.  Assum- 
ing the  average  width  of  water  surface  as  60  feet  for 
a  distance  of  140  miles  gives  1,018  acres  of  water  sur- 
face subject  to  evaporation  and  transpiration  losses. 

The  losses  are  not  confined  to  the  summer  months, 
as  may  be  seen  from  the  records  for  November  1933, 
wdiere  the  average  loss  for  the  second  lialf  of  the  moiitli 
was  21.5  second-feet. 

It  may  be  seen  from  tablf  1  that  no  water  passed 
the  Fargo  gaging  station  during  (lie  -1  mouths  July 
to  October  1934.  As  the  flow  of  the  Otter  Tail  River 
during  that  period  was  less  than  for  some  of  the  pre- 
vious low-water  periods,  the  apparent  loss  in  second- 
feet  was  not  as  great  as  in  other  years,  although  the 
actual  loss  was  100  percent. 


Table 


■:  2. — Monthly  mean  discharge,  in  second-feet,  of  Red  River  at  Grand  Forks,  N.  Dak.,  and  at  Emerson,  Manitoba,  compared  ivith 
summation  of  the  discharge  of  Red  River  at  Fargo,  N.  Dak.,  and  the  discharge  of  intermediate  tributaries 


Year  and  month 

Red 

River  at 

Fargo, 

N.  Dak. 

Sheyenne 

River  at 

West 

Fargo, 

N.  Dak. 

Buffalo 
River  near 
DUworth, 

Minn. 

Wild  Rice 

River  at 

Twin 

Valley, 

Minn. 

Qoose 
River  at 
Ilillsboro, 
N.  Dak. 

Red  Lake 

River  at 

Crookston, 

Minn. 

Sum 

Red 

River  at 
Grand 
Forks, 

N.  Dak. 

Pembina 
River  at 
Neche, 
N.  Dak. 

Bum 

Red 
River  at 
Emerson, 
Manitoba 

1931 
July 

64.8 
20.8 
16.6 
26.6 

7.7 
0 

8.8 
14.1 

15.3 
l.S 
.1 

4.7 

8.1 

3.3 

0 

0 

0 

0 

184 
32.5 
8.4 

31.2 
21.7 
18.3 
20.7 

69.5 
30.4 
21.1 
21.2 

39.4 
17.7 
IZO 
11.9 

66.2 
25.2 
14.7 
9.6 
9.0 
17.1 

108 
137 
34.2 

17.4 
12.7 
6.2 
13.3 

6.7 
28 
6.7 
12.7 

9.0 
7.3 
7.8 
15.3 

28.5 
15.1 
4.1 
1.4 
6.7 
19.4 

40.2 
15.9 
8.7 

30.9 
26.3 
9.9 
16.7 

13.3 
3.0 
4.6 
6.1 

19.6 
5.4 
4.9 

12.0 

70.1 
26.8 
8.0 
4.8 
4.6 
7.8 

1.12 
84.7 
64.4 

1.3 

1.3 

.3 

1.2 

1.0 
.3 
.4 
.5 

(>) 
(') 
(•) 
(') 

2.0 
2.8 
1.2 
1.4 
2.8 
(') 

(•) 
(') 
(•) 

77.6 
30.6 
21.1 
34.1 

37.2 
19.1 
12.8 
12.2 

36.7 
15.4 
13.3 

8.8 

154 

80.4 
44.2 
12  3 

a9 

10.  5 

90.3 
32  1 
56.7 

223.2 
113.3 
71.4 
111.6 

125.4 
55.6 
,S3.4 

66.8 

120.0 
47.4 
38.1 

62.7 

318.9 
153.6 
72.2 
29.5 
31.0 
54. 8 

654.5 
302.2 
172.4 

277 
136 
69.6 
111 

178 
68.6 
4,3.4 
36.0 

116 
41.6 
31.3 
31.7 

373 

151 

153 
30.6 
20.7 
40.6 

666 
404 

184 

10.8 

2.1 

.4 

.6 

21.1 
6.  1 
1.8 
7.5 

74.5 
27.2 
28.9 
47.2 

1.M 

67.7 

19.9 

1.4 

.1 

1.7 

62.4 
23.5 
14.9 

288 
138 
59.9 
111.6 

199 
fit.  7 
4.'i.2 
43.  .■•. 

190 
68.7 
60.2 
78.9 

527 

219 

173 
32.0 
20.8 
42.3 

728 
428 
199 

3.56 

158 

September. 

81.0 

October 

81.8 

1932 
July 

256 

August  

62.5 

40.0 

October..                --  - 

46.1 

July    .     ... 

1933 

2.';3 

August 

September           _               

73.0 
45.8 

48.8 

May 

1934 

663 

196 

July                             

138 

46.6 

Peptrflmbpr 

23.8 

47.1 

July 

1935 

1,080 

514 

269 

■  Estimated. 


•  So  record. 
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An  average  loss  of  20  second-feet  from  the  140  miles 
of  river  would  represent  a  loss  of  approximately  1.2 
feet  in  depth  during  a  period  of  a  month,  under  the 
assumptions  previously  made  as  to  the  width  of  river 
and  the  area  of  water  surface.  The  actual  loss  would 
be  greater  than  the  indicated  depth  of  1.2  feet  which 
takes  no  account  of  the  precipitation  that  fell  on  the 
water  surface.  The  only  explanation  for  the  losses  is 
that  they  are  caused  by  evaporation,  transpiration, 
and  seepage. 

The  figures  for  apparent  losses  can  be  considered 
only  as  being  indicative  of  the  fact  that  such  losses 
occur  between  the  two  gagnig  stations,  and  do  not 
show  how  or  where  the  losses  occurred. 

A  serious  shortage  of  water  for  domestic  use  oc- 
curred during  the  winter  of  1932-33.  Subsequently, 
the  municipalities  along  the  river  have  constructed 
several  small  dams  in  the  channels  of  the  Otter  Tail 
and  Red  Rivers  for  the  purpose  of  impounding  water 
for  domestic  use.  The  effects  of  storage  and  depletion 
in  the  pools  behind  these  dams  cannot  be  computed, 
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as  records  of  operation  are  not  available.  However, 
the  general  method  of  ojDeration  during  the  summer 
months  causes  depletion  of  water  m  the  pools  and  no 
additional  storage.  As  these  dams  were  built  subse- 
quent to  the  winter  of  1932-33,  their  operation  has 
affected  the  discharges  only  for  the  later  years. 

Table  2  shows  monthly  mean  discharges  at  stations 
on  the  Red  River  compared  with  the  suromation  of 
discharge  of  tributary  streams  added  to  the  discharge 
at  the  upper  stations  on  the  Red  River.  The  dis- 
charges of  all  the  tributaries  of  Red  River  between 
Fargo  and  Grand  Forks,  N.  Dak.  (except  the  Sand 
Hill  River  where  no  record  is  available)  have  been 
added  to  the  discharge  of  the  Red  River  at  Fargo  for 
comparison  with  the  discharge  at  Grand  Forks.  Sim- 
ilarly, the  discharge  of  Pembina  River  at  Neche,  N. 
Dak.,  has  been  added  to  the  discharge  of  the  Red  River 
at  Grand  Forks  for  comparison  with  the  discharge  of 
the  Red  River  at  Emerson,  Manitoba.  The  discharges 
of  several  small  unmeasured  tributaries  between  Grand 
Forks  and  Emerson  are  not  included  in  the  addition 
to  the  discharge  at  Grand  Forks. 


APPENDIX  D— RESOLUTION  OF  THE  THIRD  INTERSTATE  CONFERENCE  ON  THE  RED  RIVER 

OF  THE  NORTH,  ST.  PAUL,  MINN.,  JULY  8,  1936 


Whereas,  a  plan  for  the  coordinated  long-term  de- 
velopment and  control  of  the  water  resources  of  the 
drainage  area  of  the  Red  River  of  the  North  has  been 
developed  in  the  common  interest  of  the  people  of  the 
basin  by  a  tri-state  committee  appointed  by  Governor 
Olson  of  Miimesota  at  a  conference  on  the  water  prob- 
lems of  the  area  held  in  St.  Paul  on  November  25, 
1935,  and  has  been  approved  by  a  similar  conference 
on  July  8,  1936,  and 

"V\Tiereas,  the  conference  of  July  7  is  addressing 
a  resolution  to  the  Governors  of  Minnesota,  North 
Dakota,  and  South  Dakota,  urging  them  to  take  imme- 
diately appropriate  steps  looking  toward  the  establish- 
ment by  legislative  action  and  by  interstate  agreement 
of  a  permanent  authority  charged  with  the  opera- 
tion and  control  of  water  storage  and  release  in  the 
valley  of  the  Red  River  of  the  North  in  accordance 
with  the  plan  that  has  been  developed  and  approved, 
and 

Whereas,  it  is  expected  that  local  agencies  within 
the  basin  will  contribute  equitably  to  the  cost  of  con- 
structing and  maintaining  the  requisite  works,  and 

Whereas,  the  current  drought  has  precipitated  in 
the  life  of  the  basin  a  crisis  even  more  grave  than  that 
of  the  tragic  year  of  1934,  and 


Whereas,  the  conference  notes  with  deepest  apprecia- 
tion the  fact  that  the  Federal  Government  is  about 
to  undertake  measures  of  drought  relief  in  the  basin, 
now,  therefore, 

Be  it  resolved,  that  tliis  conference  respectfully 
urges  the  President  of  the  United  States  to  provide 
relief  within  the  basin,  insofar  as  practicable,  by 
putting  into  action  the  program  recommended  and 
approved  with  a  view  to  implementing  the  water  plan 
for  the  basin.  Relief  work  may  thus  be  given  endur- 
ing value ;  measures  may  be  carried  out  that  will  con- 
serve and  augment  the  available  supply  of  water  and 
thus  provide  effective  insurance  against  the  recurrence 
of  grave  distress  in  future  periods  of  drought. 
Respectfully  submitted. 

MoBKis  Bye,  Chairman. 
President,  Red  Lake  River  Development  Assoc., 

Thief  River  Falls,  Minn. 
W.  J.  Kirk  WOOD, 

Mayor,  City  of  Crookston,  Minn. 
Db.  iRYiN  Lavine,  Consultant, 
University  of  N.  Dak.,  Grand  Forks,  N.  Dak. 
Prof.  Roland  S.  Vah^,  Consultant, 
University  of  Minn.,  Minneapolis,  Minn. 
Dean  Holm. 
Executive  Secretary  of  the  Committee. 
Adopted   unanimously   by   Third   Inter-State   Conference   of 
the  Red  River  of  the  North,  St.  Paul,  Minn.,  July  8,  1936. 
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APPENDIX  E— RESOLUTION  BY  REPRESENTATIVES  OF  THE  STATES  OF  MINNESOTA,  NORTH 
DAKOTA,  AND  SOUTH  DAKOTA,  MEETING  AT  FARGO,  N.  DAK^  ON  AUGUST  14,  1936 


Be  it  resolved  by  tlie  representatives  of  the  States 
of  Xortli  Dakota,  Soutli  Dakota,  and  Minnesota,  meet- 
ing in  Fargo,  N.  Dak.,  on  August  14,  1936,  pursuant  to 
the  invitations  of  tlie  Governors  of  North  Dakota, 
South  Dakota,  and  Minnesota,  and  pursuant  to  the 
resohition  adopted  by  the  Third  Interstate  Confer- 
ence on  the  Red  River  of  the  North  at  St.  Paul,  Minn., 
on  July  8,  193G,  that : 

(1)  The  legislatures  of  the  States  of  North  Dakota, 
South  Dakota,  and  Minnesota,  be  requested  to  enter 
into  an  interstate  compact  by  and  between  said  States, 
establisliing  a  commission  to  be  known  as  the  Tri- 
State  Waters  Commission,  to  regulate  and  administer 
the  surface  waters  within  drainage  areas  common  to 
two  or  more  of  said  States. 

(2)  Said  commission  be  composed  of  representatives 
of  the  States  of  North  Dakota,  South  Dakota,  and 
Mimiesota  as  follows: 

(a)  North  Dakota's  representatives  shall  be  the  State 
engineer  (who  is  the  ex-officio  water  conservation  com- 
missioner), the  director  of  division  of  sanitary  engi- 
neering, department  of  health,  and  the  attorney  general. 
A  fourth  member  shall  be  selected  by  the  Governor 
from  a  list  of  three  persons  nominated  by  the  three 
named  representatives  of  North  Dakota. 

{}))  South  Dakota's  representatives  shall  be  the  State 
engineer,  tlie  director  of  the  department  of  game  and 
fish,  and  the  attorney  general.  A  fourth  member  shall 
be  selected  by  the  Governor  from  a  list  of  three  per- 
sons nominated  by  the  three  named  representatives  of 
South  Dakota. 

(c)  Minnesota's  representatives  shall  be  the  commis- 
sioner of  conservation,  the  director  of  the  division  of 
sanitation  of  the  department  of  health,  and  the  at- 
torney general.  A  fourth  member  shall  be  selected  by 
the  Governor  from  a  list  of  three  jjersons  nominated 
by  the  three  named  representatives  of  Minnesota. 

(3)  The  conmiission  shall  establish  headquarters  for 
the  transaction  of  its  business  and  elect  from  its  mem- 
bers a  chairman  and  shall  appoint  an  executive  seci-e- 
tary,  who  may  or  may  not  be  one  of  the  members  of 
the  commission. 

(4)  The  commission  shall  have  power  to  make  rules 
governing  its  organization,  time  and  place  of  meeting, 
and  rules  governing  the  transaction  of  its  business. 

(5)  It  shall  be  the  duty  of  the  commission  to  survey 
and  study  the  various  water  problems  relating  to  water 
supply,  flood  control,  public  health,  water  pollution. 


navigation,  wildlife,  irrigation,  drainage,  water  power, 
recreation,  lake  levels  and  stream  flow,  and  to  formu- 
late a  program  of  regulation  of  water  levels,  stream 
flow  and  water  pollution. 

Such  programs  fornnilated  by  the  connnission  shall 
conform  to  the  constitutions  of  each  of  the  several 
States  concerned. 

Programs  and  plans  for  works  in  said  drainage 
areas  prepared  by  State  agencies  or  municipal  agencies 
shall  receive  the  approval  of  the  commission  before 
construction  is  begun. 

It  shall  be  the  duty  of  the  commission  to  maintain 
and  control  lake  levels  and  stream  flow  with  the  ap- 
proval of  the  authorized  State  agencies. 

The  commission  shall  have  power  to  cooperate  with 
any  duly  authorized  Federal  or  internal  agency  in 
studies  and  surveys,  construction,  maintenance,  and 
operation  of  water  projects  within  the  scope  of  its 
jurisdiction. 

(6)  The  commission  shall  recommend  to  the  legis- 
latures of  the  three  States  legislation  considered  neces- 
sary to  the  efficient  operation  of  the  plans  proposed. 

(7)  All  costs  incident  to  the  control,  maintenance, 
and  operation  of  any  project  or  projects  shall  be  pro- 
vided for  by  legislative  action  of  the  aforesaid  States. 

(8)  A  copy  of  this  resolution  shall  be  sent  to  each 
of  the  following: 

Each  member  of  the  official  committee. 
Tliose  attending  the  conference. 
Members  of  the  Planning  Boards. 
National  Resources  Committee. 
Works  Progress  Administration. 
Respectfully  submitted. 

H.  H.  rETEKSON,  Chairman, 
Attorney  General  of  Minnesota,  St.  Paul,  Minn. 

Walter  Olson, 
Director,  Division  of  Drainage  and  Waters, 

Bt.  Paul,  Minn. 
O.  H.  Johnson, 
Director,  Game  and  Fish  Commission,  Pierre,  S.  Dak. 
a.  H.  Entsmingeb, 
Chairman,  Water  Resources  Committee  South  Da- 
kota State  Planning  Board,  Chamhcrlain,  S.  Dak. 
F.  O.  Olsen. 

Mayor,  City  of  Farijo,  X.  Dak. 
M.   O.   Uyan, 
Executive  Director,  North  Dakota  State  Planning 

Board,  Fargo,  X.  Dak. 
Deian  Uolm, 
Executive  Secretary  of  the  Comniittee, 

Minneapolis,  Minn. 
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APPENDIX  F— NORTH  DAKOTA  ACT  CREATING   A  RED  RIVER  OF  THE   NORTH   DRAINAGE 

BASIN  COMMISSION 


RED  RIVER  OF  THE  NORTH  DRAINAGE  BASIN 
COMMISSION 

An  act  creating  a  Red  River  of  tlie  North  Drainage 
Basin  Commission  consisting  of  three  members,  one 
of  whom  sliall  be  the  Governor  and  two  members  ap- 
pointed by  the  Governor,  to  act  jointl}'  with  commis- 
sions appointed  for  like  purposes  by  tlie  States  of  Min- 
nesota and  South  Dakota  with  power  to  supervise  the 
utilization  and  control  of  the  waters  of  tliat  portion 
of  the  drainage  basin  of  the  Red  River  of  the  North 
lying  within  the  States  of  Minnesota.  South  Dakota, 
and  North  Dakota. 

Whereas,  the  States  of  Minnesota,  South  Dakota, 
and  North  Dakota  share  the  drainage  basin  of  the 
Red  River  of  the  Nortli  and  have  a  conunon  interest 
in  the  most  advantageous  utilization  of  the  surface 
waters  of  this  drainage  basin,  in  the  control  of  the  flood 
waters  of  tliis  area,  and  in  tlie  prevention  of  pollution 
of  these  public  waters,  and 

TVliereas,  action  by  individual  States  is  inadequate 
to  effectuate  these  purposes  in  a  manner  most  ad- 
vantageous to  the  common  welfare  of  the  peojjle  living 
in  this  drainage  basin,  and 

Wliereas,  the  only  manner  in  which  effective  action 
can  be  taken  with  reference  to  these  purposes  is  to 
create  by  compact  between  the  said  three  States  an 
interstate  authority  vested  with  sufficient  power,  and 

"Whereas,  such  an  authority  can  best  be  created  by 
the  passing  by  the  legislatures  of  each  of  said  States  of 
substantially  identical  bills  providing  for  the  creation 
of  such  an  interstate  authority. 

Be  it  enacted  by  the  Legislative  Assembly  of  the 
State  of  North  Dakota: 

Section  1.  There  is  hereby  created  a  Red  River 
of  the  North  Drainage  Basin  Commission,  consisting 
of  three  members  to  act  jointly  with  commissions  ap- 
pointed for  like  purposes  by  the  States  of  IMinnesota, 
South  Dakota,  and  North  Dakota,  to  be  called  the  Tri- 
State  Waters  Commission  of  said  three  States.  Said 
Commission  for  the  State  of  North  Dakota  shall  con- 
sist of  three  members ;  one  of  whom  shall  be  the  Gover- 
nor of  the  State  of  North  Dakota  and  two  members  to 
be  named  by  the  Governor;  Provided,  however,  That 
one  of  such  members  so  named  by  the  Governor  shall 
be  an  actual  resident  of  the  Red  River  of  the  North 
Drainage  Basin  in  North  Dakota. 

ARTICLE  I 

Each  of  the  States  of  Minnesota,  South  Dakota,  and 
North  Dakota  undertakes  to  cooperate  with  the  other 
two  States  for  the  most  advantageous  utilization  of  the 


public  waters  of  the  drainage  basin  of  the  Red  River  of 
the  North,  for  the  control  of  the  flood  waters  of  tliis 
drainage  basin,  and  for  the  prevention  of  the  pollution 
of  such  waters. 

ARTICLE  II 

To  that  end  the  said  three  States  do  hereby  create  a 
district  to  be  known  as  the  tri-State  waters  area,  which 
shall  comprise  that  portion  of  the  drainage  basin  of  the 
Red  River  of  tlie  North  lying  within  the  boundaries  of 
tlie  said  States. 

ARTICLE   III 

The  said  tliree  States  do  hereby  create  the  Tri-State 
Waters  Commission,  which  shall  be  a  body  corporate 
and  shall  have  the  powers,  duties,  and  jurisdiction 
herein  set  forth  and  such  other  powers,  duties,  and 
jurisdiction  as  shall  hereafter  be  conferred  upon  it  by 
acts  of  the  legislatures  of  each  of  said  tliree  States  con- 
curred in,  when  of  a  character  to  require  such  concur- 
rence, by  act  of  Congi'ess. 

ARTICLE  IV 

The  Tri-State  Waters  Commission,  hereafter  in  this 
compact  called  the  commission,  shall  consist  of  nine 
commissioners,  three  from  each  State,  Minnesota,  South 
Dakota,  and  North  Dakota.  The  commissioners  for 
the  State  of  North  Dakota  shall  not  be  entitled  to  com- 
pensation except  the  actual  necessary  traveling  ex- 
penses incurred  in  discharge  of  their  duties  in  connec- 
tion with  this  act. 

ARTICLE  V 

The  Commission  shall  elect  from  its  number  a  chair- 
man and  vice  chairman  and  sliall  appoint  and  at  its 
pleasure  remove  an  executive  secretary  and  such  other 
officers  and  assistants  as  may  be  required  to  carrj'  the 
provisions  of  this  compact  into  effect,  and  shall  fix  and 
determine  their  duties,  qualifications,  and  compensation. 

It  shall  adopt  a  seal  and  suitable  bylaws  and  shall 
promulgate  rules  and  regulations  for  its  management 
and  control. 

It  may  maintain  one  or  more  offices  for  the  transac- 
tion of  its  business  and  may  meet  at  any  time  or  place 
within  the  said  States. 

A  majority  of  the  members  from  each  State  shall  con- 
stitute a  quorum  for  the  transaction  of  business,  the 
exercise  of  any  powers,  or  the  performance  of  any  du- 
ties, but  no  action  of  the  commission  shall  be  binding 
unless  at  least  two  of  the  members  from  each  State  shall 
vote  in  favor  thereof. 
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The  Commission  shall  keep  accurate  accounts  of  all 
receipts  and  disbursements  and  shall  make  an  annual 
report  to  the  Goveiiior  of  eacli  State  settinjr  forth  in 
detail  the  operations  ami  transactions  condiictcil  by  it 
pursuant  to  this  compact,  and  shall  make  recommenda- 
tions for  any  legislative  action  deemed  by  it  advisable, 
including  anicndnieiits  to  tlie  statutes  of  the  said  sig- 
natory States  which  maj-  be  necessary  to  carry  out  the 
intent  and  purpose  of  this  compact,  and  such  changes 
in  the  area  of  the  district  as  may  seem  desirable. 

The  Commission  shall  not  incur  any  obligations  for 
salaries,  office,  or  other  adiiiinisti'ative  exjjenses  prior 
to  the  making  of  api>ropriations  adequate  to  meet  the 
same.  The  State  of  North  Dakota  shall  not  be  liable  in 
any  manner  for  any  damages,  costs,  or  obligations  by 
reason  of  any  action  under  the  operation  of  this  act  or 
by  reason  of  any  action  or  any  regulation  by  the  Tri- 
State  Waters  Commission.  Each  State  reserves  the 
right  to  provide  hereafter  by  law  for  the  examination 
and  audit  of  the  accounts  of  the  Conmiission  by  its 
comptroller  or  other  official. 

The  Commissioners  shall  meet  and  organize  within 
30  days  after  the  effective  date  of  this  compact. 

ARTICLE  VI 

It  shall  be  the  duty  of  the  Coinmission  to  survey 
and  study  the  various  water  problems  relating  to  water 
supply,  flood  control,  public  health,  water  pollution, 
navigation,  wildlife,  irrigation,  drainage,  water  power, 
recreation,  lake  levels,  and  stream  flow  within  the  tri- 
State  waters  area,  and  to  formulate  a  program  of  regu- 
lation of  water  levels,  stream  flow,  and  water  pollution. 

Such  programs  formulated  by  tiie  Connnission  shall 
conform  to  the  constitutions  of  each  of  the  several 
States  concerned. 

ARTICLE  VII 

Programs  and  plans  for  works  of  an  interstate  char- 
acter in  said  drainage  areas  prepared  by  the  State, 
municipal,  or  industrial  agencies  shall  receive  the  ap- 
proval of  tlie  Commission  before  construction  is  begun. 

It  shall  be  the  duty  of  the  Commission  to  maintain 
and  control  lake  levels  and  stream  flow  within  the  area, 
but  such  action  shall  be  taken  only  witli  tlie  approval 
of  the  authorized  State  agencies. 

The  Commission  shall  have  power  to  cooperate  with 
any    duly    authorized    Federal,    State,    or    municipal 


agency  in  studies  and  surveys,  construction,  main- 
tenance, and  operation  of  water  projects  within  the 
scope  of  its  jurisdiction. 

The  Commissicm  is  hereby  authorized  to  receive  and 
to  accept,  and  in  the  name  of  that  State  wherein  the 
same  is  located,  and  water  const i-uct ion  unit  or  units 
or  control  works  constructed  and  completed  by  any 
Federal  or  other  agency. 

The  Conmiission  shall  be  authorized  to  exercise  the 
power  of  eminent  domain,  to  acquire  such  real  and 
personal  property  as  may  be  reasonably  necessary  to 
effectuate  the  jjurjioses  of  this  compact,  and  to  ex- 
ercise all  other  powers  not  inconsistent  with  the  con- 
stitutions of  the  States  of  Mimiesota,  South  Dakota, 
and  Xorth  Dakota,  or  with  the  Constitution  of  the 
United  States,  which  may  be  reasonably  necessary  or 
appropriate  for  or  incidental  to  the  effectuation  of  its 
authorized  pur))oses,  and  generally  to  exercise  in  con- 
nection with  its  property  and  affairs  and  in  connec- 
tion with  property  within  its  control  any  and  all  pow- 
ers which  may  be  exercised  by  a  private  corporation 
in  connection  with  similar  property  and  affairs. 

AHTICLE  Vai 

All  costs  incident  to  the  construction,  control,  main- 
tenance, and  operation  of  any  project  shall  be  allocated 
by  the  Commission  to  benefited  taxing  units,  which  are 
authorized  and  directed  to  levy  taxes  at  such  times  as 
authorized  by  law  and  in  such  amounts  as  to  paj'  such 
costs  in  full  within  2  years  after  such  allocation.  Such 
costs  may  be  estimated  and  allocated  in  advance  of  ex- 
l^enditures  subject  to  proper  allowances  in  subsequent 
allocations  insofar  as  actual  expenditures  may  vary 
from  estimates. 

ARTICLE  IX 

Should  any  part  of  this  compact  be  held  to  be  con- 
trary to  the  constitution  of  the  State  of  North  Dakota 
or  of  the  United  States  such  pait  of  said  com])act  shall 
become  inoperative  as  to  the  State  of  Nortli  Dakota  but 
all  other  severable  pro^^sions  of  this  compact  shall 
continue  in  full  force  and  effect. 

ARTICLE    X 

EiMrgency. — This  act  is  hereby  declared  to  be  an 
emergency  measure  and  shall  take  effect  from  and 
after  its  passage  and  approval. 

Approved  March  10,  1937. 
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APPENDIX  G— A  COMPACT  BETWEEN  THE  STATE  OF  SOUTH  DAKOTA,  THE  STATE  OF 

NORTH  DAKOTA,  AND  THE  STATE  OF  MINNESOTA 


This  compact  made  and  entered  into  by  and  be- 
tween the  State  of  South  Dakota,  the  State  of  North 
Dakota,  and  the  State  of  Mimiesota,  witnesseth: 

Wlaereas,  the  Red  River  of  the  North,  which  has  its 
source  in  the  State  of  South  Dakota,  and  which  flows 
northward,  forming  the  boundary  line  between  the 
State  of  Minnesota  and  the  State  of  North  Dakota, 
has  a  drainage  area  which  inchides  a  portion  of  all 
three  States;  and, 

Whereas,  the  surface  waters  in  said  drainage  area,  if 
properly  conserved  and  regulated,  will  produce  bene- 
fits common  to  all  three  of  said  States;  and. 

Whereas,  the  interests  of  the  people  of  said  three 
States  will  be  best  served  by  the  organization  of  an 
interstate  authority  vested  with  sufficient  power;  and, 

Wliereas,  all  three  States  have  mutual  interests  m 
the  regulation  and  administration  of  said  surface 
waters  in  said  drainage  area;  and, 

Wliereas,  it  is  highly  desirable  that  there  be  a  single 
agency  of  all  three  of  said  States  empowered  to  fur- 
ther the  aforesaid  regulation  and  administration  of 
said  surface  waters  in  the  interests  of  all  of  said 
States, 

Now,  therefore,  the  State  of  South  Dakota,  the 
State  of  North  Dakota,  and  the  State  of  Minnesota 
do  hereby  solemnly  covenant  and  agree,  each  with  the 
other,  as  follows : 

ARTICLE    I 

The  following  terms,  whenever  used  in  this  agree- 
ment, shall  have  the  following  meanings,  unless  a  dif- 
ferent meaning  clearly  appears  in  the  context: 

{a)  The  term  "commission"  shall  mean  the  Tri- 
State  waters  commission,  the  corporation  created  by 
this  agreement  and  the  acts  authorizing  the  same. 

{h)  The  term  "acquire"  shall  mean  and  include  con- 
struct, acquire  by  purchase,  lease,  device,  gift,  or  the 
exercise  of  the  rights  of  eminent  domain,  or  any  other 
mode  of  acquisition  whatsoever. 

(c)  The  term  "Federal  agency"  shall  mean  and  in- 
clude the  United  States  of  America,  the  President  of 
the  United  States  of  America,  the  Public  Works  Ad- 
ministration, the  Works  Progress  Administration,  and 
any  and  every  other  authority,  agency,  or  instrumen- 
tality of  the  United  States  of  America  heretofore  or 
hereafter  created  or  established. 

{d)  The  term  "real  property"  shall  mean  and  in- 
clude lands,  structures,  franchises,   and   interests  in 


land,  including  waters  and  riparian  rights,  and  any 
and  all  things  and  rights  usually  included  within  the 
said  term,  and  includes  not  only  fees  simple  absolute 
but  also  any  and  all  lesser  interests,  such  easements, 
rights-of-way,  uses,  leases,  licenses,  and  all  other  in- 
corporeal hereditaments,  and  every  estate,  interest  or 
right,  legal  or  equitable,  including  terms  of  years  and 
liens  thereon  by  way  of  judgments,  mortgages,  or 
otherwise,  and  also  claims  for  damages  to  real  estate, 
(e)  The  term  "drainage  area"  shall  mean  the  area 
from  which  surface  waters  drain  from  the  States  of 
South  Dakota,  Minnesota,  and  North  Dakota  into  the 
Red  River  of  the  North. 

ARTICLE   n 

Each  of  the  States  of  North  Dakota,  South  Dakota, 
and  Minnesota  undertake  to  cooperate  with  the  other 
two  States  for  the  most  advantageous  utilization  of 
the  waters  of  the  Red  River  of  the  North,  for  the 
control  of  the  flood  waters  of  this  river  and  for  the 
prevention  of  the  pollution  of  such  waters. 

ARTICLE    in 

To  that  end  the  said  three  States  do  hereby  create 
a  district  to  be  known  as  the  Tri-State  waters  area, 
which  shall  comprise  that  portion  of  the  drainage  basin 
of  the  Red  River  of  the  North  lying  within  the 
boundaries  of  the  said  States. 

ARTICLE  rv 

The  said  three  States  do  hereby  create  the  Tri-State 
watere  commission,  which  shall  be  a  body  corporate 
and  shall  have  the  powers,  duties,  and  jurisdiction 
herein  set  forth  and  such  other  powers,  duties,  and 
judisdiction  as  shall  hereafter  be  conferred  upon  it 
by  acts  of  the  legislatures  of  each  of  said  three  States 
concurred  in,  when  of  a  character  to  require  such  con- 
currence, by  act  of  Congress. 

ARTICLE    V 

The  Tri-State  waters  commission,  hereafter  in  this 
compact  called  the  commission,  shall  consist  of  nine 
commissioners,  three  from  each  State,  appointed  by 
each  State  in  such  manner  and  for  such  length  of  term 
as  may  be  determined  by  the  legislature  thereof.  Each 
commissioner  shall  be  a  citizen  of  the  State  from  which 
he  is  appointed,  and  at  least  one  commissioner  from 
each  State  shall  be  a  resident  of  the  drainage  area  of 
the  Red  River  of  the  North.  Each  commissioner  may 
be  removed  or  suspended  from  office  in  such  manner  as 
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shall  be  provided  by  the  law  of  the  State  from  which 
he  shall  be  appointed.  Each  commissioner  shall  re- 
ceive such  compensation  as  may  be  provided  by  the  le<^- 
islature  of  the  State  he  rei)resents,  which  compensation 
shall  be  paid  by  such  State.  Each  commissioner  shall 
be  paid  actual  expenses  necessarily  incurred  in  the  per- 
formance of  his  duties  as  such  conniiissioner. 

ARTICLE    VI 

The  commission  shall  elect  from  its  nimiber  a  chair- 
man and  vice  chairman  and  shall  appoint  and  at  its 
l)leasure  remove  an  executive  secretary  and  sucli  other 
oflicers  and  assistants  as  may  be  required  to  carry  the 
provisions  of  this  compact  into  effect,  and  shall  fix  and 
determine  their  duties,  (luaJifications,  and  compensa- 
tion. 

It  shall  adopt  a  seal  and  suitable  bylaws  and  shall 
pi-onnilpvte  rules  and  regulations  for  its  management 
and  control. 

A  majority  of  the  members  from  each  State  shall 
constitute  a  quorum  for  the  transaction  of  business,  the 
exercise  of  any  powers,  or  the  performance  of  any 
duties,  but  no  action  of  the  commission  shall  be  bind- 
ing unless  at  least  two  of  the  members  from  each  State 
shall  vote  in  favor  thereof. 

The  commission  shall  keep  accurate  accounts  of  all 
receipts  and  disbursements  and  shall  make  an  annual 
report  to  the  Governor  of  each  State  setting  forth  in 
detail  the  operations  and  transactions  conducted  by 
it  pursuant  to  this  compact,  and  shall  make  recom- 
nienilations  for  any  legislative  action  deemed  by  it  ad- 
visable, including  amendments  to  the  statutes  of  the 
said  States  which  may  be  necessary  to  carry  out  the  in- 
tent and  purpose  of  this  compact,  and  such  changes  in 
the  area  of  the  district  as  may  seem  desirable. 

The  commission  shall  not  incur  any  oltligalions  for 
salaries,  office  or  other  administrative  expenses  prior  to 
the  making  of  appropriation  adequate  to  meet  the 
same;  nor  shall  the  commission  pledge  the  credit  of 
any  of  the  said  States  except  by  and  with  the  authority 
of  the  legislatures  thereof.  Each  State  reserves  the 
right  to  provide  hereafter  by  law  for  the  examination 
and  audit  of  the  accounts  of  the  conunission  by  its 
comptroller  or  other  official. 

Tlie  conunission  shall  meet  and  organize  within  30 
days  after  the  effective  date  of  this  compact. 

ARTICLE   VII 

It  shall  be  the  duty  of  the  commission  to  study  the 
various  water  problems  relating  to  water  supply  within 
the  Tri-State  waters  area. 


trial  agencies  shall  receive  the  approval  of  the  com- 
mission before  construction  is  begun. 

It  shall  be  the  duty  of  the  commission  to  maintain 
and  control  lake  levels  and  stream  flow  on  boundary 
waters  within  tlie  area,  but  such  action  shall  be  taken 
only  with  the  approval  of  tlie  authorized  countj'  or 
State  agencies,  in  which  such  lake  or  stream  is  located, 
but  said  commission  shall  have  no  power  or  jurisdic- 
tion over  water  levels  or  stream  flow  in  the  Otter  Tail 
Kiver  which  is  known  as  that  portion  of  the  Keil  River 
originating  in  Becker  and  Otter  Tail  Counties  extend- 
ing and  flowing  through  in  a  southerly  and  southwest- 
erly direction  through  the  counties  of  Becket,  Otter 
Tail,  and  "Wilkin,  and  emptying  into  the  Red  River  of 
the  North  at  the  junction  of  the  Bois  de  Sioux  at 
Breckenridge,  Minn.,  and  its  chain  of  lakes  and  its 
tributaries. 

The  commission  shall  have  power  to  cooperate  with 
any  duly  authorized  Federal,  State,  or  municipal 
agency  in  studies  and  surveys,  construction,  main- 
tenance, and  operation  of  water  projects  within  the 
scope  of  its  jurisdiction. 

The  commission  shall  be  authorized  to  exercise  the 
power  of  eminent  domain,  to  acquire  such  real  and 
personal  projjerty  as  may  be  reasonably  necessary  to 
effectuate  the  purposes  of  this  compact,  and  to  exercise 
all  other  powers  not  inconsistent  with  the  constitutions 
of  the  States  of  North  Dakota,  South  Dakota,  and  Min- 
nesota, or  with  the  Constitution  of  the  United  States, 
which  may  be  reasonably  necessary  or  appro])riate  for 
or  incidental  to  the  effectuation  of  its  authorized  pur- 
poses, and  generally  to  exercise  in  connection  with  its 
jiroperty  and  affairs  and  in  connection  with  property 
within  its  control  any  and  all  powers  which  may  be 
exercised  by  a  private  corporation  in  connection  with 
similar  property  and  affairs. 

ARTICLE  IX 

The  commission  shall  study  the  methods  of  financ- 
ing the  construction,  control,  maintenance,  and  opera- 
tion of  projects  and  shall  recommend  for  enactment 
to  the  legislatures  of  the  States  concerned  such  legis- 
lation as  will  effectuate  the  purposes  and  ends  of  the 
commission. 

ARTICLE  X 

Each  State  shall  bear  its  proportionate  share  of  the 
expense  of  the  commission  based  on  the  pro  rata  value 
to  such  State  of  the  activities  of  the  commission,  which 
expense  shall  be  provided  for  by  appropriation  by 
the  legislature. 


ARTICLE  Vm 

Plans  for  works  on  boundary  waters  in  said  drain- 
age area  prepared  by  the  State,  municipal,  or  indus- 


ARTICLE  XI 


Should  any  part  of  this  compact  be  held  to  be  con- 
trary to  the  Constitution  of  any  of  said  States  or  of 
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the  United  States  such  part  of  said  compact  shall  be- 
come inoperative  as  to  each  state  but  all  other  sever- 
able provisions  of  this  compact  shall  continue  in  full 
force  and  effect. 

ARTICLE  XII 

This  compact  shall  become  operative  immediately 
after  it  has  been  signed  by  the  Governor  of  the  State 
of  South  Dakota,  the  Governor  of  the  State  of  North 
Dakota,  and  the  Governor  of  the  State  of  Minnesota. 

In  testimony  whereof  the  Governor  of  the  State  of 
South  Dakota,  the  Governor  of  the  State  of  North 


Dakota,  and  the  Governor  of  the  State  of  Minnesota 
have  signed  this  compact  in  triplicate  and  the  seal  of 
said  States  have  been  thereunto  affixed. 

Done  this  23d  day  of  June,  in  the  year  of  our  Lord 
one  thousand  nine  hundred  and  thirty -seven. 

Leslie  Jensex, 
Governor  of  the  State  of  South  Dakota. 

William  Langer, 
Governor  of  the  State  of  North  Dakota. 

Elmer  A.  Benson, 
Governor  of  the  State  of  Minnesota. 
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